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ABSTRACT 


An X-ray structural determination of [Rh, (CO) 5 (u-Cl) - 
(DPM) 5] [BF] (DPM = Ph,PCH.PPh,), has: indicated. that in this 
"A-frame" complex both the enclosed bridging site and ex- 
posed terminal sites are open to attack by small molecules. 
Whereas, in trans-[RhC1(CO) (DPM)], , a structural determin- 
ation has shown that the bridging site is effectively 
blocked by therequatorial digands, in particular the chioro 
ligands are skewed into this site, leaving only the possi- 
bijgty Of Cerminaly attack: 

Halide exchange reactions were carried out on trans- 
[RhC1 (CO) (DPM) J, in an effort to prepare the bromo and iodo 
derivatives. Instead the complexes [Rh5Br. (u-CO) - 

(DPM) 5], which was structurally characterized, and [Rh5I- 
(CO)-(u-CO) (DPM) ,] [1] were isolated as the final products. 
Iodide exchange on trans-[RhC1 (CO) (DAM) ] , (DAM = Ph,AsCH,- 


AsPh,) yields a mixture of trans-[RhI (CO) (DAM), and [Rh,I- 
(CO) (u-CO) (DAM)L II]. 

The chemistry of these binuclear rhodium species with 
CO, CS, and SO, was investigated. The "A-frame" species 
[Rh (CO), (u-C1) (DPM) 5] [BPh,] undergoes a facile and rever- 
sible reaction with SO, yielding [Rh, (CO) 5 (u-C1) (u-S0,) - 
(DPM) ,] [BPh,]. Spectroscopic studies indicate that attack 


by SO, occurs directly atyineyor1dging (Site... reatmentsor 


this SO. adduct with excess SO, in the presence of chloride 
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ion or [Rh4C1l,(cO).1 , which functions as a chloride trans- 
fer agent, results in the isolation of a second product 
[Rh,Cl. (u-SO5) (DPM),] whose structure has been determined. 
Reaction of either trans-{RhC1(CO) (DPM) J, ake [RhoCl, (u-Co) - 
(DPM) 5] with SO, Fesulcts Lindl ly in the tisolaci on of [Rh.- 
Cl. (u-SO,) (DPM) 5] and reaction schemes are presented for 
both these reactions based on spectroscopic evidence. 
Treatment of [Rh,Cl, (u-SO,) (DPM) 5] with CO yields the tri- 
carbonyl species [Rh (CO), (u-CO) (u-C1) (DPM) ,] [cl]. Simil- 
arly the reaction of [Rh,C1. (u-CO) (DPM) 5] with excess CO also 
yields this tricarbonyl species. However on slow stepwise 
HQaVTELOn “OF «CO, trans-[RhC1 (CO) (DPM) ], is isolated. Reac- 
Lion Of amis ture. of trans - [RhI (CO)(DAM) ] , and [Rh,I (CO) - 
(u-CO) (DAM) 5] [T] WisttheC Oy OG SO, yield the products [Rh5- 
(CO), (u-L) (u-I) (DAM) ,] [I] (L=CO,SO,). 


Although CS. does not react with [Rh, (CO), (u-C1) - 


2 
(DPM),][BPh,], its reaction with either trans— [RhHCl1(CcO)—- 
(DPM) ], or [Rh,Cl, (u~CO) (DPM) 5] yields as the final product 
[RhjC1, (CO) (C84) (DEM) ,]. A structural determination of 
this species has shown that two molecules of CS. have con- 
densed yielding a C,S, fragment which bridges the two rho- 
dium centres such that a five membered Rh-C-S-C-S metallo- 
cycle and a four membered Rh-C-S-kh metallocycle results. 
Reaction schemes for these reactions are presented based on 


spectroscopic data and analogies to SO5 and acetylene 


chemistry. 
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CHAP DE Rewdus 
INTRODUCTION 


Homogeneous catalysis by transition metal complexes is 
currently, and has been for two decades, an area of consider- 
able interest.+ 77 Several important successes have been 
achieved in this area translating homogeneously catalyzed 
reactions into viable commercial processes. Included among 
these are the Wacker process for olefin oxidation based on 
a palladium catalyst,>'° the hydroformylation process using 
a rhodium (1) phosphine complex’ andmem@escaLboOny lation .oc 
methanol = acetic acid employing a rhodium carbonyl iodide 
species. ’ 

Many approaches have been used in catalytic studies, 
however it remains of fundamental importance to obtain an 
understanding of the chemical processes which occur at the 
metal centre during Ene catalytic reaction. Such infeorma- 
Elon Ss  bequi rede tt One NOpes inte liuigentiyeaco modlty |ene 
Catalyst'’s properties to achieve the results desired. With 
this obwective. in, mind Te becomes convenient to break the 
Catalvyeie reaction, downe into. three Sees” 1) substrate 
eoordination and activation. 2) Substrate transformation 
into prodcucth Or product precursom, and ~3)s product elimina 


tion. at Catalyst ~egeneration. has Moe CCcCurred a fount 


step, that of catalyst regeneration, must also be added. 
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ingcatalytic reactions direct, information about any» of 
the above steps 1s, by the very nature of the catalytic 
process; limited. However, one approach which has proven 
useful, involves model system studies utilizing complexes 
Which are Simidar tora Given catalyst but which are not 
themselves catalysts.-° * By this approach useful analo- 
gies can be made between the model system and the related 
Catalyst... [tu 2s obvious, thererore, thac small molecule 
coordination in transition metal complexes and the activa- 
tion of the small molecule by the metal centre are of inter- 
est in that these topics pertain to the first step in the 
above breakdown Of Catalytic reactions. It is on this 
theme, i.e. the coordination and activation of small mole- 
cules in transition metal complexes, that this thesis will 
GOncener ace. 

In studies of small molecule coordination and activa- 
€i10n, the initial step anvolves Che ‘coordination of “the 
small molecule to a coordinately unsaturated metal centre. 
Here it is important to have a knowledge of how the small 
molecule coordinates in order to understand the 
fesuiting “CHemistry.” Concurrent With Coordination is 
activation of the small molecule, making it more reactive 
tian Was “pLlOr oO COOLaination. ACtLIVatiom Besul ces from 
a net change in the electron density distribution within 
the coorginated molectle. In molecular Orbital Cerms “this 


COrresponds to electron donation from the Substrate bonding 
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orbitals to the metal centre followed by back donation from 
the metal centre anto orbitals” which are antibonding» an 
terms' Of “the ‘substrate bonds.” -The well! known Dewar; Chatt, 


3,14 


at ; ; 
Duncanson model for ethylene coordination to metals, 


which is diagrammed below, is a familiar example of this. 


The bonding here is considered to consist of two interdepen- 
dent components: “1) donation of m-electron density from 

the olefin to a o-type acceptor orbital on the metal atom; 
and 2) back donation of electron density from filled metal 
dxz7OG Orne di-pT hybrid orbitalssinto antabonding 1 
Orbutalsmor sive; olerin.«§) Both components sare Synergucally 
related, that is an increase in one component tends to 
Promote an anerease in ythe other “and further both tend to 
decrease the bend order of thexoleiinic linkage. The struc- 
tural results of this ethylene activation are well docu- 
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mented, showing a lengthening of whe C=C bond “and a 


bending back of the hydrogen atoms away from the metal 
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centre. Clearly, a thorough understanding of this first im- 
portant step in catalytic processes, that of substrate coord- 
ination and activation, is extremely important for a bet- 


ter Understanding of these reactions. 

In this thesis the small molecules whose transition 
Ietal chemistry will be pursued are carbon monoxide, carbon 
disulfide and sulfur dioxide. Each of these molecules has 
imMpoOttantyretevaencer to catalysis. The Catalyzed activation 
of carbon monoxide, for example, is of importance since the 
conversion of coals! COPSUDSEVCUtTS naturaligas, mMydrocarbons 
and organic chemicals is based on the metal catalyzed reduc- 
tion of carbon monoxide via methanation reactions and the 
Fischer-Tropsch oueiesige Carbon wdisulfiade activation, 
On the Othermihandjsmay serve as a Usetul model for theracti— 
vation of the less. reactive carbon dioxide molecule, which 
is an abundant potential feedstock for hydrocarbon produc-— 


Shona 


ANGEWIthiT tne Dncreased Well Zzat1on of coal, the 
deleterious effects of sulfur dioxide on the environment 
encourage efforts aimed at its removal. The use of transi- 
tion metal catalysts vior SO, removal from flue gases has 
proven useful in’ this mecha oe 

Furthermore, the three small molecules of interest are 
particularly germane to studies of small molecule coordin- 
Atwvonvand activation Since theyseach displayea mick variety 
Of Coordination modes! ini metal complexes. Their study 


promises to yield valuable information relating these coor- 


dination modes to properties of the metal complexes, and 
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therefore promises to increase our understanding of factors 
affecting small molecule coordination and activation. 
Insertion reactions of these small molecules other 
than anto metal-metal bonds, although potentially important 
models for catalytic processes such as the Fischer-Tropsch 


2 re 


synthesis, the catalytic carbonylation of methanol” to 


acetic acid, ® and hydroformylation reactions, gas 


will not be discussed here. 

The carbonyl group, which has been extensively stud- 
yee era is found to be a tremendously versatile ligand 
displaying a wide variety of coordination modes. These 
modes, together with examples of each are presented in 
Figure 1. The first and most common bonding mode is that 
of the terminal carbonyl] ligand. In this geometry the car- 
bonyl group is associated with only one metal centre, is 
bound through the carbon atom and has an essentially linear 
M-C-O linkage. 

Whe second class 1s that eof the doubly bridging car— 
bony group in) which’ the carbonyl ligand 1s ‘associated 
simultaneously with two metal centres. In this case 
classification is somewhat more complex than in the terminal 
Cless; since now the Carbonyl digand can display a sigaria— 
Gant “ange an coordination geometries. For the sake of 
convenience however, these ligands can be grouped into 
three classes; symmetrical, asymmetrical and semibridging. 


One method of distinguishing these three, somewhat arbitrary 


Classes 1s based on metal—-carbonyl bond distances. “For the 
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Figure, 2. 
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Coordination Modes of the Carbonyl 


Example 


trans- [IrC1(CO). (PPh3) 5] 
trans-[RhC1(CO) (DAM) ] , 


[Pd,C1, (u-CO) (DAM) 5] 
[Fe (CO) ¢ (u-CO) (DPM) ] 


[Rh (CO) (u-CO) (PPh,) 5], 
[Rh (CO). (u-CO) (u-C1) (DPM) 5) 


[Fe, (CO), (u-CO) (PhCCPh) J 


[Mn (CO) 4 (u-CO) (DPM) 5] 
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symmetrical species the metal-carbonyl distances differ by 
less than 30 where, o = Yo Pe and da and op, are the 
standard deviations in the two metal-carbonyl bond lengths. 
The species within the semibridging group, on the other 
hand, are arbitrarily defined as having metal-carbonyl dis- 
tances, which ditter by greater, than 0.3 A, and the third 
class, containing the asymmetrical species, between the 
two, above extremes. In addition, a-further distinction 
between these differing doubly bridging carbonyl geometries 
Can be made sbesed von sthe carbonyl C-O\ vector... jin the sym— 
metrical bridging mode the C-O vector is perpendicular to 
the M-M axis whereas in the asymmetrical and semibridging 
Groups, the €-O vector tends away Erom normality. There 
fore, the closer the carbonyl geometry approaches the semi- 
DuUCGING lait, | chenc loser the M-C-©) Linkage 2S sto being 
colinear with respect to the more strongly bound metal. 

Another bridging carbonyl geometry, that of the linear 
H,-bridging carbonyl mode, might be considered as a further 
extreme of the semibridging mode. In this carbonyl bonding 
MGdemcncucaloony Leligand 1s, O-bound) ECOs,Onesmetal centre, 
Besulting wean sappLroximarely MincareM-C-O) linkage, and 1s 
Simultaneously m=-bound (to. a.second metal centre. Unlike 
all previous carbonyl bonding modes, however, which func- 
tion asetwo electron donors, this linear-y,-bridging lagand 
acts as a four electron donor. 

ThesGatbolviatigand Cab. alcossUnCrilonmas ga pcEi ply 


bridging ligand having the carbonyl group simultaneously 
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associated with three metal centres. As with the doubly 
breadging carbony) ligands,’ the triply bridging carbony! 
Group "can be erther symmetrical orvasymmetrical. 

Until recently it was a well established dogma of 
Cransicionimetcalvcarbony eichemistry that pridqging carbony | 
groups were always accompanied by a metal-metal Moning 
However, the recent structural characterizations of 
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[Pd.Cl., (u-CO) (DAM) 5] ; [Pt,Cl. (4-CO) (DAM) 5] and 


[Rh,C1. (u-CO) (u-DMA) (DPM) ,1° have sshown chat this as not 


the case. In each of the three complexes the metal-metal 
separation (ranging from 3.162(4)A EO Seach YS LS) FEOO 
long for a direct metal-metal interaction and the metal- 
cCarbony|-metal “angles «ace sca. 8 1202, contrasting: wren conven— 
tional bridging carbonyl ligands where angles between 62° and 
OOS are Simmer The drawings in higicewey thiererera, 
show dotted lines between the metal atoms to avoid implica- 
tions regarding the presence or absence of a metal-metal 
bond. 

The differentiation between the above carbonyl bonding 
modes can in general be conveniently carried out using 
it rabed: Spectroscopy p Since tthe carbony bistrectching fre 
quencies for terminal carbonyl ligands are usually higher 
than) Giese Ob doubly iharvadging, carbonyl groups whichsare in 
turn higher than those for the triply bridging mode. How- 
ever, differentiation between the types of doubly bridging 
modes presents a problem, since no obvious trend in their 


carbonyl stretching frequencies is observed. Thus, in 
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[Pt,C1, (u-CO) (DAM) 1, °" which contains a symmetrical car- 
bonyl ligand, the carbonyl frequency (1638 cm *) UGe Sige 


nificantly different than that observed in the analogous 


palladium complex, [Pd,C1., (u-CO) (DAM) .] 04 em} Dut 
compares well with that of [Mn (CO) 4 (u-CO) (DPM) 5] (1645 
en eye which contains a Jinear-,-bridging Carbonyl group. 


Tits elevaniweo discussions Of Carbonyl eactivatton that 
the carbonyl stretching frequencies indicate an increase 
in activation (i.e. a decrease in C-O bond order) as the 
number of metal atoms associated with the ligand increases. 
The carbon disulfide molecule also displays a variety 
of coordination modes, both in mononuclear and polynuclear 
species. Yet this small molecule has received relatively 
little attention with only a few species having been struc- 


Puta lL y, Characterized. -'"" 


The three modes of carbon di- 
sulfide coordination which were structurally characterized 
at the time this research was undertaken are summarized 

fay oleate 25 ey ere Cson- coordination geometry the car- 
bon disulfide molecule is associated with only one metal 
centre, coordinating in a side-on manner via one of the 
sulfur atoms and the carbon atom. This is perhaps the 
commonest mode of CS, Coordination. invaddd 2 On es Lwo 
bridging geometries have been observed for the carbon di- 
Ssultide ligand, shown in Pigure 2 as modes A and B- Mode 


A has the carbon atom bound to one metal centre and the 


two sSsulzur atoms coordinated to the second metal centre; 
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Figure 2. Structurally Characterized Coordination 


Modes of Carbon Disulfide 


Mode Example Reference 
Ss 
LEE 
2 a 
C,S-n ol iPeterne), (cs )4 45 
S 
ta i s 
bridging A M-C M [Pt.,Cl (CS,) (PPh) 4] 46 
ea 
‘S) 
ae: a 
bridging B M \ . (PhMe,P) , (CO) .Fe (CS,)Mn (CO) .Cp 47 
Cc 
SS 


seen yO, 
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whereas mode B, has the CS, ligand coordinated in anc,S=n* 
fashion to one metal centre and via the second sulfur atom 
to the other metal centre. 

Two other CS, bonding modes have been proposed although 
these have not been structurally characterized. Coordana— 
PION Or CS, through the sulfur atom (M-S=C=S) has been 
euggesteay Nowe View theses pecies stend tO. be) PpOoOobly char— 
acterized. Condensation of the carbon disulfide molecules 


yielding a Cc.s fragment has also been proposed in [RhCl- 


5 
Cine ss ie but characterization is again incomplete. 
In addition to these proposed coordination modes two others 
are possible based on analogies with CO. chemistry. These 
involve either a C5Sy fragment, resulting from the conden- 


sation of two CS, molecules, analogous to the C50, fragment 


2 
observed in lace Ihe OM MEeh ely = or an ah carbon-bound 
species analogous to that proposed for CO. coordination in 
[Ni (CO,) (P(n-Bu) 3) 31.77 

Correlations between the coordination mode of carbon 
disulfide and the infrared stretching frequencies have not 
been reported to date due to the Limited structural data 
availdile. but again a Significant drop an CS. SLretchang 
frequencies is observed on coordination implying activation 
Of this molecule: 

The SuUltus Gloxilae Jai gand  vallso disp laysuad  Vatnety lor 
coordination geometries in transition metal complexess= = 22 


Those geometries which have been structurally characterized 


are shown in Figure 3. When associated with a single metal 
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Figure 3. Coordination Modes of Sulfur Dioxide 


with Transition Metals 


Mode : Example Reference 
70 
i. ° 
coplanar-n M—S (NE(SOP)MPeh= i) 54 
No 2 PKS) 
[CpRh (C5H,) (SO,)] 55 
fe) 
; 1 720 
pyramidal-n M-S [IrC1 (CO) (SO,) (PPh3) 5] 56 
[RhC1 (SO,) (PPh3) 5], BY) 
O 
2 an 2 
0,S-n M [Rh (NO) (n -S0,) (PPh3) 5] 58 
2) 
2 
= d [RuCl (NO) (n°-SO.) (PPh3) 5] 59 
\ 
re) 
ey 16) 
Sef 
S 
bridging-y, Wii NS [tu (CO) gH (SO. CePhia) 60 
Misco eee M [Ir, (CO) 51, (SO,) (PPh,) 5] 61 
NTO M-O-S-O [SbF,.0So] * G2 
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“although Sb ac not a transition metal this repre— 
sents a potential coordination mode in transition metal 


complexes. 
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centre sulfur dioxide can exhibit the following coordin- 


ation modes: the coplanar geometry, in which the M-SO, 


framework is approximately planar; the pyramidal geometry, 


with the SO. plane inclined to the M-S vector; 0,S8-n- 


coordination with the sulfur atom and one of the oxygen 
atoms coordinated to the metal in a side-on manner; and 
terminal ieee coordination, in -which “Ene sulfur dioxide 
Jigand 1s bound through one of the oxygen atoms. The co- 
planar and pyramidal coordination modes are often compared 


to the linear and bent geometries observed with the more 


extensively studied nitrosyl fegande oe 


Sulfur dioxide has also been observed to bridge two 
metal centres in a symmetrical fashion. As now appears to 
be the case with the carbonyl ligand, a metal-metal bond 


Usenot a Prelrequicwte tO having a bridging, SO”. group. 


2 


Therefore, ini | (Co) 5Fe.(CO) , (u—SO yee the SO] ligand as 
An eae 4 Z 


2 


bridging and unsupported, whereas in [Ir, (CO) ,H, (PPh) ,- 


(u-so,)1°° the bridging SO, ligand is accompanied by a 


2 
IMetal—metal bond, Sulfur dvoxide coordination to a terminal 
halogen in a pyramidal fashion is also known, as for exam- 
ple in [Pt (Me) (I-SO,) (PPh3),].° 

Spectresecopic 1dentitacation or the eultunm dicxide 
Coordination mode is not without cditiiculty., Although 
the various coordination geometries have associated ranges 


Of (S0)>4- Lange  Tegions Of overlap exist, especially bet— 


ween the bridging and pyramidal modes where the regions 
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are essentially superimposed. >? Thus unambiguous identifi- 
cation of the coordination geometry using infrared tech- 
Nigues, is) in some, cases dafficult: 

The chemistry of the above small molecules will be 
itm ted, pingthisethesis, atop thateinvolving<binuclear Cronos 


phine and diarsine bridged complexes of rhodium, similar to 


66 


that shown below for vrans—[RhC1 (CO) (DPM) ], 


Soe ete 
p p 
|W Coo pp 
Ri Rh 
DPM 
act ooeers 4 
Pus 19 EP 


These binuclear complexes are closely related to group VIII 


mononuclear, four coordinate phosphine complexes such as 


qo 


Vallarino"s compound, {[RhCl(CO) (PPh and Vaska's com- 


68 


3)2 


pound, WirGl (eo; (PPh These mononuclear compounds 


ha 
have received a great deal of attention in the last twenty 
years and have been found to displey a wide variety of 

small molecule addition and erica tion veaceionen. = 
The analogous binuclear complexes, of the type shown above, 


have on the other hand received much Less attention and 


very little small molecule chemistry has been reported 
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for them. In these binuclear complexes the metal atoms 

are held in close proximity by the bridging DPM or DAM 
ligands and,although chemistry similar to the related mono- 
nuclear complexes might be expected, one might also 
anticipate differences in their chemistries owing to the 
eltects Of metal’ proximity, in “the binuclear case. “in these 
species, the metal centres can react independently of each 
other reacting essentially as two monomeric units, or one 
MEEAl Centre, Cale penpleuro thie sOthem thereby altering ts 
chemistry significantly relative to the related mononuclear 
complex. Balch and Tulyathan ‘+ have carried out studies in 
this regard, relating the chemistry at the metal centres to 
the distance between them, utilizing diphosphines and other 
bidentate ligands of varying bite size to bridge two square 
planar Rh(I) centres. In one example, involving complexes 


Of the tyoe PRACT (CO) (i-=b) where L-L = Ph P(CH,) PPh 


Ze 2 2 


(n=3,4),SO0, attack was observed at only one rhodium site. 


2 
It was therefore concluded that the normal reactivity of 
the rhodium site is diminished in these dimeric complexes 
ende1t was suggested that this Lack GL reactivity resulted 
from the inability of the unreactive rhodium site to re=- 
agjUst Lts coordination geometry Co the arrangement neces= 
Samy to Ollie a second SUbDStL ave moleciie: 

The Close proximity Of the metals am Dinuclear Species 


also suggests that they may serve as useful models for 


rs AE 
multi-centered metal catalysis. 
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Although binuclear transition metal species have been 


reported for several bidentate diphosphine and diarsine 


Pigands inciuding hRaCPR. (R= Meer nehoe Me.AsAsMe Ue 


2 oD 2 ot 
sc . 22 Lote US) 
(Xt =aepy Ace =2075)% 2)9 2" 
76 


4) _ of 
AsPho, (t-Bu) , P(CH,) | P(t-Bu) . Creel Onalee) 3 
7379 


Me,XYXMe, 


PhP (CH 


Me,P (CH PMe 


Bue 
eek ee aes 6 
Ph PCC (PPh) (CF5) . (n= 273,4) 


2 
ee nee, OS 


[<ieti a ear al 
and MeAsCC (AsMe,) (CF5) , 


no Peporus ‘on the Chemistry of binuclear 
species containing these ligands with the small molecules 
of interest have appeared. 

With the ligand of specific interest, bis (diphenylphos- 
phino)methane (DPM) and bis (diphenylarsino)methane (DAM), 


several binuclear transition metal complexes are known, 


0 80 


including: [Mn, (CO) . (DPM) 1,° 1; 


Sa,,00 


[Mn (CO) ¢ (DPM) [Mn (CO) ,- 


a 


(u-CO) (DPM) [Mn (CO), (para-CH NC) (DPM) 51, °* 


81 


56a 
[Fe, (CO) § (u-CO) - 


gis 


[Mn (CO) , (u-para-CH,C-H,NC) (DPM) .], 
33 


(DPM) 5] and [Irc1 (co) (DPM) 1,.°* Again the reactivity 
ef these complexes towards small molecules has not been 


reported. 


Some small molecule chemistry has been reported for bi- 


nuclear DPM and DAM species of Pt, Pd and Rh. The Pe 


B2,.04 


and Pd(I) species of the type [Mx (L-L)] , (M= "Pd Pt: 


v= Cl, bre Elo =— DEM, DAM) for example, undergo facile ‘re— 


; 32,415,784 
aCELONS With several small molecules including CO," ~ a 


85 + 86 2 ae 84 
s0,, PAN, , CNR (R= CH, C7H),, CBs, pava-CH,-C-H,), 


Oa een Clore NjCH, (which yrelds a methylene 


; 85 
Bpecies) and Sg (whieh yields a sultido) species) : as 
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shown below, by inserting into the metal-metal bond. 


The carbonyl adduct, [Pd,C1, (u-CO) (DAM) 1 ,>7 represented the 
ficse Structural, characterization Oba carbpony! ligand 
bridging two nonbonded metal centres. In addition, the in- 
sertions of CO and SO. in these systems were shown to be 
reversible. Kubiak and Bisenberg®” have aptly dubbed these 
species "A-frame" complexes owing to the configuration of 
the equatorial ligands which roughly describes a letter A 
having the ligand L at the apex. 


In addition, DPM-bridged Pd species are reported to 


undergo two other reactions. The first involves inser- 
ELON Oe sncl, UiLOmen en aC bonds 7oL [PdC1 (DPM) ] , yield- 
ing [Pd,C1(SnC1,) (DPM),] and [Pd(SnCl,) (DPM)],."" The 


second involves halide displacement from [Pd,C1l. (u-CNR) - 


(DPM) 5] in the presence Of excess asocyanide Lo reversibly 


yield ethe dlGatvenic species [Pd, (CNR) 5 (u-CNR) (DPM) .1°*.°4 
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Some small molecule chemistry of DPM-bridged rhodium 
complexes has also been reported. The reaction of the rhod- 
ium dicarbonyl "A-frame" species, [Rh (CO) , (u-C1) (DPM) .] - 
[BPh, ] with CO produces the tricarbonyl complex [Rh. (CO) .- 


(u-Co) (u-Cl) (DPM) 5] [BPh ,] 35,91 


HOWEVEr InMCOn trast to the 
Pd and Pt species (vide supra) where insertion into a metal- 
mecal bond occurs) Carbon monoxide vaddition here Occurs’ with 
che POrmattoen of va Rh=Rhwbond.) This traecarbony!] species 
verifies that small molecules can coordinate in the open 
bridging Site Of “these *A=fLrame” complexes as was "originally 
suggested by Eisenberg and Kubiak. °° The analogous sulfido 
bridged "A-frame" species, [Rh (CO). (u-S) (DPM) 5] has been 
treated with MeI, EtI, or Lil followed by CO addition re- 
sulting in a species postulated as [RhI (CO) (u-CO) (DPM) ],.°° 
However, based on the spectral data presented, this species 
2S probably more correctly assigned as an iaode-bridged tri- 
Caxbony | complex 7) analogous to the cationre chiore-pbridged 
Species noted above. In addition, the reaction of the sul= 
fido-bridged complex with HCl yields the species trans- 
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[RhC1 (CO) (DPM) ],.° Both [Rh (CO), (u-S) (DPM),]°” and ¢rane- 


[RhC1 (CO) (DPM) ],/* have been reported to react with S05, 


however the formulations for the products are unknown. 


Finally trans- [RhC1 (CO) (DPM) }, has been observed to react 


Wrthietodine yvelding the novel, Rh(il) species )[Rneli(co) = 


(ppm) ],./* 
Owing to the lack of small molecule chemistry with bi- 


nuclear Rh species and because of the potential relevance of 
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such studies to catalytically interesting systems, as men- 
tioned previously, an investigation into the chemistry of 
4- 
] 


trans-[RhC1(CO) (DPM) ], and [Rh (CO)o(u-C1) (DPM) 5 wartie CO; 


cS. and SO. was undertaken. 

Sincevwit 1c) difficult on thesbasis of “analytical and 
spectral data to unambiguously assign the mode of small 
molecule coordination, the technique of X-ray diletractien 
was used extensively throughout this study. The reader is 
referred to several standard texts for detailed discussions 
of the theoretical and experimental considerations of X-ray 
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CHAPTER Li. 


The Structure of [Rh (CO) , (u-Cl1) (DPM) oIBF, ]: 


2 ————<——2 2) 


A Binuclear "A-frame" Complex 


INTRODUCTION 


The cationic complex:, [Rh (CO), (u-C1) (DPM) 5)” (1), was 
assumed to be an "A-frame" type species, as shown below, 
based on Spectral data, On the structural characterization 
O£ its carbonyl eddaere [Rh (CO) , (u-CO) (u-C1) (DPM) 5] (2) 


and on analogies with the sulfido-bridged species, 


[Rh (CO) (u-S) (DPM) 5] (3). 


AN] @ 


‘lol 


1 


as 


‘ ; 6 
Complex 1 reacts reversibly with cor on and SO” 


(see Chapter IV) and undergoes facile reactions with several 
other small molecules, including no?’ and tetracyanoethyl- 


nee The reactions of 1 with CO and SO 5 contrast the two 


possible modes of attack on this species by small molecules. 


20 


éae AED. 
» Web Sa went €s Pte ate 


Otisetaee 24a Sena was ie ie ahiak lentosqa a8 
Lye] Wer el wel ual, beac 4 55. Be ayn 


aaa 


if) “fe yee 
We» widediad bap beeen anid eed Aare eS 
_ as ‘ _ 
Fe wales ome ta Lite 
os 
al ark f . 
FR ice Se) 
( AY 154 At 4 
py. ~ oe 
‘ fey 
9° | Cy | *O 
i 
aol 
‘ 
i : + 
Foe ers aS PS ery tie ae ylmsattrteg, 2 RSS amededl 


Loseteu | ee J — S 
. : Alb a ate +The 7 -" ; 
is easy ral 745 ‘fee | | * 
apd ab. iF a igo j Pe 


bat peTon ane ae os 


i pad gan ie ie aa wt 5p ape 
. ory a 


Pail 


Whereas CO attacks the open terminal coordination site A, 
remote from the bridging site B and results in one of the 
originally coordinated carbonyl ligands swinging into the brid- 
ging Se SO, Seceiiss LO altack dtrectlysat the bridging 
site yielding [Rh (CO), (C1) (u-So,) (ppm) ,1*.°° 
Tnewstructural determination of the closely selated, 
sulfido bridged "A-frame" complex ed indacated that the 
bridging site was blocked, at least in the solid state, by 
EOUm OL sthe DEM ioheny. groups. Ln particular. two cangs 
were found to severely obstruct this site. Although the 
details of the chemistry of 3 with small molecules are not 
known to us, other "A-frame" species, having their bridging 
Sites obstructed in the same way, show chemistry consistent 
Wath terminal ligand attack as Opposed to ‘attack at the 
bridging site (see Chapter IV). “Since 1 seems to allow 
attack at bouy the bridging and terminal sites, 1 was of 
interest to Obtain precise Structural inLormatiom on) this 
"A-frame" species with hopes of establishing possible 


Structure-reactivity Correlations. 


EXPERIMENTAL 


Aina solvents Used *eiroughout thisestudy were dried and 
degassed prior to use and all reactions were performed 
under Schlenk conditions using an atmosphere of dinitrogen 
or the reactant gas. RhC1,+3H,0 was purchased from 


Research Organic/Inorganic Chemical Corporation and DPM and 


7, 


steak - Ce Be ae 
A BY 


et oe ee 


hee 


pane ncetin's = _ 


Ps eee pkroatback = c ds 
We .oeeee hitve atz at pogpt oe cna 
aun. “Uys Coulee fray nk Panes? fag aod 4 ae 
MM ee sient, ion GS Laine, C3 Maren: 
‘ageeas stLedigh Lenni yore 0 ro a9 Fog ka, ea | te 

| peLSalin atety pal ven si Byala en Loe eu 
“Vag cige da, rte ) yyew our ast me Dou zvasede ; 
436336 3 = ¥a9, an 384 drnspes Lannea & 
a oqietes L oulet cue mene eeu! ode 
tants tne eat boat sees +e 


ae: 


i1ASse CSAs 


i 7h A 


esis, cu 3 votre (Aw sede -oestessG Si Gouts SS JRL. 


ithiees* es Age i (m9 #9 Bs rs paaas a ae) ites ae ee 


“a meres ao ysiivadn ts 


ad r* oe i}: ASG 


; sua 
ae bein tz09) YSags Aan? resiipihiwer Seay os bene ee — 


a 
= a. Satire 405 Stew Guvti pea) tA Dye Sahicd saneg 
te 


* Renee? Wipers? Lager 36 Sree epi tert aif head nal usa 
eae Dew apa’ aoa cigliy gaan ats ahpmisgiak 
DE ee aeieae ee 


22 


DAM were purchased from Strem Chemicals. All other chemicals 
were (reagent grade and used as received. Infrared spectra 
were recorded on either a Perkin Elmer Model 467 spectro- 
meter “ora, Nicolet 7/199 Eb. T. anterfrerometer using Nujol 
mulis on KBr plates. NMR spectra were recorded on a Bruker 
HFX-90 NMR spectrometer. Conductivity measurements were 
obtained on a Yellow Springs Instruments Model 31 Conduct- 


ivity bridge using approximately 1.0 mM solutions in acetone. 


Preparation: Of [Rh (CO), (u=C1) (DPM) 5] [BPh ,] 
Dreatment Of oe solupion, ofe0. 100) Gq (0.202 mmol) or 


[RhC1(COD)],°” in 20 ml of CH,Cl, with 0.103 g (0.269 mmol) 


of DPM dissolved in 5 mL of toluene under a carbon monoxide 
atmosphere yielded [Rhy (CO) 5 (u-CO) (u-C1) (DPM) ] [Rncl. (CO) ,]. 


Addition of 0.458 g (1.34 mmol) of NaBPh followed by 40 mL 


Ae 
of Et.0 resulted in they pcecipitation Of the cacioni ce tri— 


carbonyl species as the BPh, salt in 90% yield. Slow con- 
centration of this solution of [Rh (CO) 5 (1-CO) (u-C1) (DPM) 4 ]- 
[BPh,] under a dinitrogen flow yielded the dicarbonyl 
species, [Rh (CO) 5 (u-C1) (DPM) 5] [BPh], as a yellow-orange 


microcrystalline solid. 


Tie secrendi eq EOus Crystaliizacionjor [Rh (CO) (u-C1) (DPM) .] [BF 


2 gi [BF yl 
TOLASOlUtTOnsOr 60.100 soul OL Oi 2a mmo b)econ [Rh, (CO) ,- 

(u-C1) (DPM) ..J [BPh,] in 8 mL of acetone was added 0.020 g 

(0.080 mmol) of [PhNo][PF,]}. SloOWwea telus tonwoL Et,0 LIVEO 


the reaction mixture yielded yellow-orange prismatic crys- 
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tals. Although too few of the yellow-orange crystals were 
obtained for elemental analysis or a oO NMR spectrum, an 

infrared spectrum of the complex () (CO) 1995(s), 1978(vs) 

euae VBE) L060" (in, br) on) indicated that they were 


[Rh, (CO) 5 (u-C1) (DPM) ,] [BF,]. 


Preparation of [Rh, (CO) 5 (u-Cl) (DPM) .] [BF,] 

POma es Ow Wt One Os 0 LUO: 10. 0n se mmoi) a Oa [Rh (CO) .- 
(u-C1) (DPM) ,] [RhC1., (CO) 4] im 20) mi, of CHCl. was added 
Only ede (O50 snmol pon NaBF,. SLOw concentration of this 
solution under a dinitrogen stream yielded yellow-orange 
erystals. of [Rh5 (CO), (u-C1l) (DPM) .] [BF,]. The infrared spec- 
trum roL this compound was adentical to that of “the crystals 


initially obtained, one of whieh was used inthe struceure 


determination (vide intra). 


31, and 19, NMR Results 


A solution was prepared in a°-acetone Containing 


0705075 ¢q (0.5036 mmol) or [Rh (CO), (u-C1) (DPM) .] [BPh,] and 


0.010 g (0.040 mol) of [PhN,](PF,]. The Mio aug Sot han 


NMR were recorded immediately after preparation and again 


after approximately two weeks. The initial spectra showed 


6 
doublet, ee sO Hz; 


that the only fluorine containing species was the PF 


anion (i oF NMR Oo = 71.7 sath en 


ES eae NMR 6 = 144.0 aon septet, J,_, = 708 Hz). che 


Spectra of the aged sample showed the presence of the PF ¢ 


ies) 


anion aS well as resonances in the F NMR at 6 = 130.8 ppm 
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(heptet, [J = 6.3 Hz, possibly Me,SiF,); 6 = 150.0 ppm 


FH! 
(singlet sand ®69=) 150.1 opm (br singlet, BE 


4 pr n= beth 
Sey he NMR spectra (new and two week old samples) the res- 
Onance due to the cation [Rh, (CO) (i-C1) (DPM) .]” was observed. 


No other rhodium-DPM species was detected. 


Data, Collection 

A crystal of the title compound was mounted and sealed 
in a glass capillary. Preliminary film data showed 1 
Laué symmetry and no systematic absences, consistent with 
the space groups Pl and Pl. The centrosymmetric space 
group Pl was chosen and later verified by; (1) the success- 
ful refinement of the structure with acceptable positional 
parameters, thermal parameters and agreement indices, and 
(2) the location of all hydrogen atoms in electron density 
difference maps. Accurate cell parameters were obtained by 
a least-squares analysis of the setting angles of 12 care- 
fully centered reflections chosen from diverse regions of 
reciprocals space (50-<20-/70>)sCcuka radiation) mand, obtaimed 
by using a narrow X-ray source (see Table I for pertinent 
crystal data). A cell reduction??? failed to show the 
presence of higher symmetry. The reduced cell is reported. 

intensity data were collected on a, Picker Tour—cincie 
automated diffractometer equipped with a scintillation 
counter and pulse-height analyzer, tuned to accept 90% of 
the Cuka peak. Background counts were measured at both 


enas of the scan range with crystal and counter stationary. 
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Table 1. summary. of Crystal Data and Intensity Collection 


for [Rh (CO) 5 (irCl) (DPM) 5] [BF 4] 


Compound 
Formula 


Formula Weight 
Reduced Cell Parameters 


[SS] cel=2 yas 1S) (@) for fa} 


Density 


Space Group 
Crystal Dimensions 
Crystal Volume 
Crystal Faces (and 
distances from an 


apblenary Onigin within 
the crystal (mm) ) 


Temperacure 


Radiation 


u 


Range in Absorption 
GOrrection Factors 


[Rh (CO) 5 (u -Cl) (DPM) 5] [BF] 


CooH, 4B C1 F,05P,Rh, 


1S ZOO wal 


ie 0241) a 
14.9621) 
12 2800) A 
96.20(1)° 
92.56(1)° 
86.42(1)° 
2476.8 A 
2 


12545 g-cm > (calc'd.) 
12547 (5) qocms> (expt! i. by 
flotation) 


Qe o4 5. so 0.0 es OR im 


OW LAey ame 


COZ 45) 
(0.145) 
(Oz155) 
(O52)5)) 
(01-075) 
CO20721) 
(02 225) 
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Table i, continued 


Takeoff Angle 

Scan Speed 

Scan Range 

Background Counting 
ne 

20 limits 


26 Uni cs. £oOr ‘Centred 
rerlections 


Final number of 
variables 


Unique Data Collected 
Unique Data Used 

(Po > 30(F2)) 

Error in observation 
Of UnLE Welgne 


R 


R 
Ww 
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PASSE Ses 
2 me. 20 man 


0.80° below Kg}, to 0.80° 
above Kg2 


10s Ge2e<75\e 202 (75-25-1042, 
40s (104%26<120°) 


375200120" 


50°<26<70° 
298 
7416 
5729 
192 


0.046 


0.064 
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Assuming approximate linearity of background, the intensity 


of the peak (I) is given by: 
I = PK -(B,+B5) t,/t, (2) 


where PK=peak count, t, = peak scan time, t, = the sum of 


the two background collection times and By and B. are the 
background counts. Standard deviations in the intensity 


were computed from the relationship: 


Bye 


rea GL he (PK+tB,.4p C34 


where B, = B)+Bo,.t=t,/t, and 5 iS an ignorance factor 
used to account for machine uncertainty and to prevent un- 
reasonably high weighting being applied to reflections of 
high intensity (a value of 0.05 was used for Sica The 
intensities of three standard reflections were measured 
automatically every 100 reflections and four additional 
standards were measured three times a day in order to check 
crystal stability and centering. All standards remained 
eons tant Co within. 1.5% Of the mean throughout the data 
collection. 

The antensiteies Gf 7416 Unique reflections, (Ss °<20<120-) 
were measured using CuKa radiation. Of these, 5/729 were 
.considered significantly above background (f° Jo (E*)o3.0, 
see ie 1) and were used in subseguent calculations. These 
cetenrss data were reduced to structure factor amplitudes 


and Standard deviations in the structure factors, o(f); by 


correction for Lorentz, polarization and absorption 
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effects. 1° Similar procedures of data collection and 


reduction were followed on all subsequent structures. 


StructucessoOlutcron ena Refinement 


1:0:4710'5 


A Patterson map was computed between the limits 


O<u<1l.0, O<v<1.0 and 0<w<0.5. The Rh-Rh vectors are derived 
for two independent rhodium atoms in the space group Pl in Table 
2. The origin peak corresponds to the sumof the vectors between 


every atomand itself, inthe unit cell. Therefore the magnitude 


2 


Of Lne sortqine Vector is roughly  propocetonal «tO: Ze ; 
aL 


summed over the contents of the unit cell, = (A 45" + 


paige Shae es ce oD Ae peace, ear 


+ 88x1-) = 15264. 
In the Fourier program used to calculate the vector map, 

the origin peak is normalized to 1000. Therefore assuming 
comparable thermal parameters for all atoms one expects 


the Rh(1)-Rh(2) vectors which are doubly weighted (see 


Table 2) to have an approximate, normalized value of 265 


Gi 2x452 
= - 5264 


vectors, which are singly weighted to have an intensity of 


x 1000), and the Rh (1)-—Rh (2) and RiA(2)=Rh (2) 


133 above background. Viewing the Patterson map, the nine 
most intense peaks of which, are summarized in Table 3, it 
1S obvious that three vectors, instead of the anticipated 
two, are observed with weights comparable to those expected 
for the Ra(i)—Rh (2) vectors. One of these three, the 
second edhe listed, is actually a sesull of Rh-P vector 


build-up. Generally the DPM ligands are mutually trans 
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Table 3: Assignment of the Most Intense 


Map Vectors 


No. u 

al 0.640 
2 On9'60 
s 0.160 
4 OeE20 
5 0.680 
6 0.800 
7 0.600 
8 0.000 
9 0.480 
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oHe2.0 


EU 


See) 


~540 


-420 


1.00 


7270 


Relative 

W Weight 
Oe 2 Shen) 
ORL Oe £3518) 
0.064 290 
07224 190 
On0S2 187 
Oni 0 180 
0.384 i 
0.000 52 
O27 L60 148 
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and the Rh-P framework is approximately planar as shown 


below: 


The Rh(1)-P(1), Rh(2)-P(2), P(3)-Rh(1) and P(4)-Rh(2) 


VeCEOrs are thererore almost coincident, yielding a’ Rh-P 


2x41 5345 
15264 


Similarly other vector build-ups may also occur. “This com= 


VECLOre buy tea-up) Of approximate. weight 353° ( x00.) 
plication in solving the Patterson maps continued through- 
out this study, however it is readily overcome by using 
image seeking techniques and comparing vector lengths. 
Typically Ra=P vectors ere ed. 2535 A whereas the Rh(1)- 
Ro(2)) Vectors are in sche sange 2.7 — 3.4 A. Applying these 
methods it became obvious that the first peak was associated 


with the Rat1)—Rni(2) vector, (x +X, YitYogr 2 +z.) Binds Give 


if 
Cnad peak with. the Rn Gl) Rn) vector (x)-X5, Yi7Yo: 
Z4~Z5) With the latter having a distance sErom the origin jor 
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ea. 2.6/7 A (the approximate metal-metal Separation in che 
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dimer). The second peak which is approximately 2.52 A from 
the (1.0,0.0,0.0) origin is due to Rh-P vector build-up. 
The positions of the rhodium atoms are then calculated as 
Rie byc0 40,0 207 cls) wand sRhi(2)") (0230.05 4 O07 )e. ethe 


sixth peak then corresponds to the (2x 2y,722,) vector and 


1! 
the ninth peak to the (2x, ,2y5,2Z,) vector, with the inter- 
vening peaks resulting from vector build-up as indicated in 
Table 3. 

A full-matrix, least-squares refinement based on the 
two rhodium atom positions converged in two cycles to 


R= 0246 7and R= 0.56. These R factors as calculated in 


the least-squares program are defined as: 


aor GEESE alee ol (4) 
and é 
a es dee ho eee (5) 
w = Cc ele 
where |F,| and |F,| are the observed and calculated struc- 


ture amplitudes, respectively, and w, the weighting factor, 
is defined as eee The function minimized during 
the least square refinement was al Be eal evs ae Structure 
factors were calculated using the atomic scattering factors 
taken from Cromer and aber sea. tabulation for all atoms 


- except hydrogen for which the values of Stewart et ee 


; 108 
were used. Anomalous dispersion corrections, : both real 


and imaginary??? were applied to ee 
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An electron density difference map, phased on the two 
rhodium atom positions, yielded the location of the phos- 
phorus and chlorine atoms. A subsequent least-squares re- 
finement and electron density difference map calculated 
using the rhodium, phosphorus and chlorine atom positions, 
revealed the location of all other non-hydrogen atoms with- 
in the cation. The carbon atoms of the phenyl rings were 
Pefined@in all teast-squares Cealculatiens as rigid groups 
having Dey Symmeteyeantd CC UTS tances or 14592 no 

Although the infrared spectrum indicated that the pres- 
ent complex had crystallized as the BF, salt, our initial 
unwillingness to accept the apparent transformation of 
PEE and BPh, into cae together with the pseudo octahedral 
coordination about the central atom in the electron density 


difference map, led us to attempt refinement of the electron 


6 


anions. However, these refinement attempts proved unsuccess- 


density about the I(c) and 1(f) inversion centres as PF 


ful, even considering disorder of the groups. The thermal 
parameters for both phosphorus atoms exceeded 30 a and 
chemically unreasonable P-F distances resulted. A closer 
TiSpection OL the electron density difierence map revealed 
that there were eight peaks about both sets of inversion 
Ceveres and moo Just thevsix “oOriganally located. The vplLace— 
ment of these eight peaks corresponded to superimposed, 
inversion related, tetrahedral BF y Groups. Funehenmuore; 


the central peaks were more consistent with boron than 


phosphorus, having Intensities in “the electron density dif- 
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ference map (4.7 and 3.3 ye) comparable to the half- 
weighted fluorine peaks (3.7-1.8 eines Refinement of this 
model as inversion disordered Ba groups proceeded well, 
resulting in reasonable bond lengths, thermal parameters 
and well defined tetrahedral geometries about the central 
boron atom. 

Ther deata were corrected for the ernecus Of absorption 
by Gaussian integration. All non-group atoms excluding 
hydrogen were refined with anisotropic thermal parameters, 
where the form of the thermal ellipsoid used was 
exp [- (8, h°+8,.k°+6.432%° +28, hk+26, gh2+26,,kL) 1. 

An electron density difference map at this stage re- 
vealed the location of all hydrogen atoms in the structure. 
These atoms were included as fixed contributions in calcu- 
lating the structure factors and were not refined. Their 
idealized positions were calculated from the geometries of 
their attached carbon atoms by using C-H distances of 
0195 A. Hydrogen atoms were assigned isotropic thermal 
parameters of 1 Ne greater than those of their attached 
Carbon, atom or 1 he greater than the equivalent isotropic 
B when the carbon atom was refined anisotropically. Through- 
out this study hydrogen atoms were always handled ina 
Similar manner. 

The final model with 298 parameters varied converged 
to R= 0.046 and Bn U0 G2. In “the Lina elecuvon, density 


difference map all of the highest 20 peaks were in the 


vicinity of the phenyl rings (0.66-0.41 o/h) ewish smaller 
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residuals in the areas of the BF, anions. A typical car- 
bon atom on an earlier difference map had an electron den- 
Stby, On avout 5.0 yi Ne. 

The programs used in the solution and refinement of 


Structure -andw presentation of data “are lasted: briefiyran 


Appendix I. 


Results 

The final positional and thermal parameters for the 
nongroup and group atoms are given in Tables 4 and 5, re- 
spectively. The idealized positional and thermal parameters 
for the hydrogen) atoms are given in Table 6. Least-squares 
plane calculations are recorded in Table 7 and selected 
bond lengths and angles are shown in Tables 8 and 9, re- 
spectively. A listing Of the cbserved andi calculated Stric— 
ture amplitudes -is aveitabler." 

The unit’cell of [Rh (CO), (u-Cl) (DPM) ,] [BF] is shown 
invergqures4.. The crystallographic Daaxis as horizontal to 
the rignt, the <¢ axis runs from Cop to bottom and the a 
axis goes into the page. With the exception of the methyl- 
ene hydrogen atoms, which are drawn artificially small for 
elarity, Of «ene drawing, 202 thermal ellipsoids sare wsed on 
this and all subsequent drawings unless noted otherwise. 
Ondy One set Of the inversion disordered » atoms fon each 
BE, Spoup lo anciIudedra, Pigure Se presents a perspec elve 
view of the [Rh (CO) (u-C1) (DPM) ,17 Cation, including the 


numbering scheme. The numbering of the phenyl carbon atoms 
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starts at the carbon bound to the phosphorus atom and 
increases sequentially around the ring. The inner coordin- 
ation sphere of the [Rh (CO), (u-C1) (DPM) .]~ cation is shown 
in Figure 6 along with some relevant bond lengths. In this 
figure 50% thermal ellipsoids are used. The two independent 


tetrafluoroborate anions are shown in Figure 7; again only 


One OF each ol the Gusorder Sets of Fratoms re included. 
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the larger of an individual standard deviation or the standard 
deviation of a single observation as calculated from the mean. 
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Table 9: Selected Angles (Deg) in [Rh (CO) 5 (u-C1) (DPM) 4] [BF 4] 
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Figure 5. A Perspective View of the [Rhy (CO), (u-C1) (DPM) 5)” 
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Midgure -6. The inner Coordination Spnere of, [Rh 


(u-C1) (DPM) i) Catron. 
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DESCRIPTION OF STRUCTURE 


The two independent BF, anions, although inversion 
disordered and undergoing a large amount of thermal vibra- 
tion, show reasonable tetrahedral geometries (see Figure 
4). The range in the B-F distances (1224 (3)=1. 50a) and 
the F-B-F angles (93(2)-122(2)°) are not unreasonable con- 
Sidering the observed disorder and thermal motion, suggest- 
ing that the refined model is acceptable. These values are 
in reasonable agreement with other structural determinations 


involving Br SA ne only significant nonbonded 


contacts involving the Bee anion are between the fluorine 
atoms and the phenyl hydrogen atoms (see Table 8). These 
austences. (2 335-—2.58 A) are somewhat shorter than the sum 
Obstheil nr van der Waals “radii (24sec and may explain 
the Orientations of the phenyl rings: and the relatively 
open bridging site, between the two rhodium centres 

(vide: anfia).. 

The [Rh, (CO), (w-C1) (DPM) 417 cation displays the ex- 
pected "A-frame" geometry in which the rhodium atoms are 
Dbradged by two DPM Jagands which are mutually e:rans., | “The 
chloro ligand bridges the two metal centres in the equator- 
jal plane perpendicular to the Rh-P vectors, and the car- 
pony gangs, alco lying sun cthis (plane, ane bonded seo each 
Rh Gtom “Gans to the bridging GL etom. Both Rh atoms dis— 


play slightly distorted square-planar geometries, whose 


least-square planes are inclined to each other by 82.66°. 
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The distortions from square planar geometry seem to result 
from close nonbonded contacts between the carbonyl ligands 
and the hydrogen atoms of the endo phenyl groups which en- 
close the bridging site. Indeed the larger distortion, about 
na(l), 2s accompanied by the shortest nonbonded contacts, 
involving C(l1) and O(1) (see Table 8). 

the revarively long Ri-=°Rh Separation of Seep L eyes 
is consistent with no formal Rh-Rh bond. This distance is 
Signaticantly longer than the Rh-Rn distance of eee ley ah es 
observed in the carbonyl adduct [Rho (CO) 5 (u-CO) (u-C1) (DPM) 4] - 
[BPh ,] ae where all evidence suggests the presence of 
a formal Rh-Rh single bond. The absence of a formal Rh-Rh 
bond in the present complex is substantiated by the follow- 
ing structural parameters: a) the Rh-Rh “separation as 
Significantly greater than the intraligand P---P separations 
of 3.088(2) and 3.097(2)A, (when the metals are mutually 


bonded the converse is Sane i 


i) the Rh (9) —-Cl- Ri (2) 
angle of 82.38(5)° compares well with values typically ob- 
served when no formal metal-metal bond is present (range 
Qiu ang) (Contrasts to the value of 66.514) 
observed in the Rh-Rh bonded carbonyl adduct 2. In addi- 
tion, the absence of a formal metal-metal bond 1s required 
to explain the observed diamagnetism and to give each 
rhodium atom a 16-electron configuration. 


Mie RPh-Cl distances of 2.406(2)' and 2.380 (2)A are im 
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49 
systems (ca. 2.30-2.45 ee res and are Significantly 
shorter than those observed in thecarbony. adduct 2 
{2507 S102i)> and Cee OTIe ae © The observed asymmetry in these 
parameters involving the chloro ligand presumably results 
ase a consequence, OF nonbonded contacts, sance! there as no 
@ prvorty reason to expect a chemical difference in the two 
rhodium Centres. In Support of this argument, the shortest 
nonbonded contacts involving the chloro ligands are H2C3-Cl 
endehit4-Cly (2280-290 AY respectively). These interactions 
aCtein such a way cas) to forces the bridging chloro Jigand 
eut of Ehe symmetrical position towards Rh(2) .) This chlor— 
ide asymmetry is reflected in the parameters of the car- 
DONYwGLrOUps: which. are trans to the Clatom. Although not 
Statistically )signiticant,, thertrend im they carbony!) jpara— 
meters iS consistent with the chloro ligand acting as a 
weaker t-donor to Rh(1) than to Rh(2) with the concomitant 
result thet C(l)O(l) has ai weaker mi-accepringvability com= 
pared to C(2)0(2) (Rh(1)-c(2) =1.807(7)A, €(1)-o(1) = 


LVN, INI eh eben (ye ell oy ne) ea) = ke nee 
No. other «short contacts are observed that would readily 
explain the observed asymmetry in the chloro ligand. The 
Signi: bend im bothwcarbony. ligands s(Rn-C.0 (ave 7/7 218)» 
is not unusual and is probably also steric in origin. 

Within the Rh-DPM framework the parameters are not 
unusual. The Rh-P distances (average he Sea ea compare 


357, 58-907.96 
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phone aan die tana ssa) aaneeerrand 
orange Wilkinson's poet The P-C distances (both 
methylene and phenyl) are quite ordinary and the P-C-P 
angles (average 114.7{3)°) are close to the expected tetra- 
hedral value as is typical when the DPM ligand bridges two 
metals. 

The methvyiene groups, of they DPM lagands iare tolded: an 
a cis configuration, with both groups inclined towards the 
bridging chloro dacand. | Thererore, C\(3)> as 0.708(6)A yore 
Of the HnG@j=pilj=p(2)=Rh(2) plane and © (4) ae G-67s (eo) n 
Out ore tie. Bhi) — (3) -P(4)—Rh (2) plane. THIS cis methylene 
Orientation is quite typical of most analogous DPM and DAM 


bridged encetes, oo tee 


In general the methylene 
groups bend towards the more sterically encumbered site; so 
for example when two bridging equatorial ligands are pres- 
ent, the folding is towards the more bulky of these bridg- 
ang Ligands. By folding an) ehais manner the mon-boended 
contacts between the more bulky phenyl groups and the equa- 
torial ligands are minimized. Further, in the present struc- 
ture the cis methylene configuration results in a phenyl 
ring orientation which allows relatively free access to the 

bridging site, between the Rh atoms and opposite the chloro 
bigdinGd. es he Erans Conti guration On tie; methylene sgEnoups 


has been ered oe 


when, there iS no Steric pre— 
ference for one side of the Rh-phosphine framework over the 


other. 
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Viewed along the Rh-Rh axis the Rh-P vectors on adjacent 
rhodium atoms are close to eclipsed as is evidenced by the 
Siialiy P-Rh( i) -=Rint2) =Petorsion angles (0-16 (6) “toy 3.70(5)°,; 
see Table 9). This presents an interesting contrast to that 
observed in the analogous sulfido bridged species, [Rh (CO) 5- 
(u-S) (Dp) ,1°7 (3), which appears to be severely twisted 
about the Rh=-Rh axis. Model building has shown that this 
twist about the Rh-Rh axis in "A-frame" complexes results in 
two of the endo phenyl rings moving into the bridging site, 
thereby effectively blocking this site, as was observed in 
the sulfido bridged species. The orientation of the phenyl 
rings in the present species, however is such that the 
bridging site is more accessible than in the sulfido complex. 
it. is difficult, however, in the present case to draw 
analogies between the solution chemistries and the solid 
state structures since the observed differences in phosphine 
twists between 1 and 3 may be "a result cf crystal packing. 
Indeed in the present complex the BF 4 anion ats the 1c) 
InVErStoOn Centre sits directly above the bridging site 
(see Figure 4) and displays non-bonded contacts with the 
hydrogen atoms of the surrounding phenyl rings which are 


shorter than van der Waal's distances +? (vide supra). te 


4 


considerable influence on the orientations of these phenyl 


is expected that the BF anion, in this position, exerts 
Groups and Wence on the crowding: of the bridging site. —Cer— 
taimly there ts No Obvious, Chemical teason tO explain tire 


twist difference in the two otherwise similar compounds. 
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DISCUSSION 


The Crystallization of lL as the BF , salt was somewhat 
Of a surprise, considering that the anions initially present 


were ae and Beny |: There. are two Obv1lous sources of this 


i anton Ghee tits ols tn roughtluorinationeor Beh 


4 


anion by HF, which is known to be present in acetone solu- 


BE 


tions of PF. , and the second is through leaching of boron 


6 
FeOmMuriie DoOresitiicate Glass by Hes ~On Lhe basis of os 


and 19, NMR studies, it seems that the latter is more likely. 
When complex 1 and [N,Ph] [PF.] are reacted in acetone and 
the mixture left for several weeks the NMR spectra indicated 
that the ae concentration is greatly diminished, and shows 
the presence of fluorosilanes, BED and other unidentified 
species. Furthermore, the NMR tubes and glassware used in 
the crystallizations were found to be etched, suggesting 
that stoninacant teaching of the glass had occurred. “In any 
case the well formed crystals were a pleasant surprise since 
all known previous attempts tO ‘Obtain suitable Single crys— 
tals of complex i with other anions had ented. 
Although the present structure seems Significantly dif- 
Fecene ew tiais tial Ol tiie stlii1do br 1dgedsanalogue S >with be— 
Spec LO crOowaIng= on (cher bDeLdging Site, at 1s) belteved that 
this iS a consequence more of solid-state effects than of 


chemical differences. Any differences in the chemistries of 


these two species that might occur are more likely a conse- 
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quence of the difference in bridging ligands Go andec ie) 
and the, Overall charge’ Of the species. In,this regard it 
will be of obvious interest to compare the chemistries of 
these species. 

the present structure verifies that the bridging site 
in DPM-bridged species is accessible to small molecules and 
therefore it is not unexpected that some small molecules, 
such as SO5, are Capable of attack at this site, as the 
experimental evidence suggests (Chapter IV). It is how- 
ever, Not Obvlous, based on this structure determination; 
why some small molecules attack at the bridging site and 


Others attack at the terminal site: 
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CHAPTER III. 


The Structure of trans~ [RhC1 (CO) (DPM) } ,_ 


INTRODUCTION 


The reactions of trans~[RhC1 (CO) (DPM) ], (1) with small 
molecules were Investigated as part of our studies into the 
chemistry of DPM-bridged binuclear rhodium SGioheres 28° 
Although thesstructure of compound | had not been detex— 
mined, it was believed, on the basis of X-ray powder dif- 
Erace zon sturetise, °° to be the same as the DAM-bridged ana- 
logue, trans-[RhC1 (CO) (DAM) ], (See whose structure is 


known and whose framework is sketched below: 


2h 


e 
Unlike the "A-frame" species (see Chapter Roce only the 


terminal sites above the square planar metal atoms in 1 and 
2eare Open £6 attack since the sites between the metals are 


blocked by the chloro and carbonyl ligands. 
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In spite of the proposed structural analogies in com- 
pounds i and pie however, significant differences in their 
chemistries led us to question the extent of their similar- 
ities. It had been noted, for example, that"ketonic"carbonyl 
complexes of Pt and Pd were more stable with DAM than with 


ppm, 27741784 


whereas our work tended to indicate that the 
Opposite was true with rhodium. In species containing un- 
Supportea bridging Ligands, such as the “ketonic”™ carbony! 
ligand, we anticipated that the metal-metal separation might 
be an important factor in determining the stability of the 
unsupported ligand complex. Since the obvious difference 
in the DPM and DAM ligands lies in their ligand bites, due 
to the greater size of As compared to P, and since the DAM 
ligand would therefore tend to prefer larger metal-metal 
separations than DPM, it was deemed important to obtain 
StEucluroal-intormat von, On the DPM complex i in sorder toycom= 
pare the metal-metal separations and the subsequent effects 
on ligand orientations in the two compounds 1 and 2. 
Furthermore, we peer es an isomer of ie which 
appears to be the cis-dichlorodicarbonyl species (see 
Chapter 1V). This asomer has’ a greatly dirtering solubility 
and chemistry with CO compared to the trans isomer 1 so 
structural comparisons of the two species seemed in order. 
Therefore, when reaction of 1 (of which suitable, single 
crystals had never been obtained by us) with CS, resulted 
in the Cr eee exrystallization of well formed rhombs 


of complex 1, it was decided to undertake its structural 
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determination. 
EXPERIMENTAL 


Crystallization of ¢?ans~ [RhC1(CO) (DPM) ],_ 

TO" a Suspension of 0.100 Gg (02091%mmol) of trans- 
[RhC1 (CO) (ppm) },°° soe Bey ain, ele CHCl. was added 15 mL of 
CS.- After one hour diethyl ether was added to the clear 
ned) solution te induce crystallization. “The red solad ob— 
tained was then redissolved in 15 mL of CHCl. from which 
well) rormea yellow crystals were obtained by diethyl ether 


diffusion. Chemical and spectral analysis showed that the 


crystals were the starting material, complex 1. 


Data, Collection 

A clear yellow plate of trans- [RhC1 (CO) (DPM) ] , was 
mounted on a glass fiber. Preliminary film data showed 1 
Laué symmetry and no systematic absences, consistent with 
the space groups Pl or Pl. The centrosymmetric space group 
was chosen and later verified by the successful refinement 
of the structure with acceptable positional parameters, 
thermal parameters and agreement indices and the location 
Gbeall hycrogen atoms an) the electrom density, dvererence 
maps. Avcell sasetele Verne failed to show the presence of 
Mignemsyvnmebry . “The seduced cell as Tepornted and) 1s) pre- 
sented together with the pertinent crystal data and details 
Of Gata Collection are. im Table 10. Obherwise cata collec= 


tion proceeded as described in Chapter II. 
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for trans-[RhC1 (CO) (DPM) ] , 


Compound 
Formula 


Formula Weight 
Reduced Cell Parameters 


IS) cal fe) qa=2 Yo) for fw 


Density 


Space econ 
Crystal Dimensions 
Crystal Volume 
Crystal Faces (and 
distances, £roméan 


arbitrany Onlgain 
within the crystal (mm) ) 


Lenperature 


Radiation 


u 


Range in Absorption 
COFPrect ion Factors 


Receiving Aperture 


yt) 


pummMaLye Or Crystal Data and intensity Collection 


trans-[RhC1 (CO) (DPM) ] , 


CoH, gC1,05P,Rh, 


1101.54 amu 


Tt 0542011) a 
12.5640(10)A 
AO) 2S MOC Wx 
99.899 (6)° 
Sea er) 
65.082 (7}° 
1 le OA 
1 


1eo62 socnn (calo'ds) 
WS 655) g.cma os (expt. by 


CiG@tatLon) 

Cree era 

i 
0.346 = 0.555 = 02077 mm 
OOO mea 
a al Ome Or) 

al il 0 CO) 

TP i ee eo ey) 

0 uh 0 (O035'5)) 
yr mt Oa 0) 
OT 1 GSP) 

0 al eee (ORL o 2.) 


20°C 


Cuko) O=15 54056252) talltered 
Wit OsoMi thecemnsckel woul 


85.439 om > 


Ova A Oars on, 


Acai 30) Cie Ecole 


crystal 


L- 


Ris Taek: i 
Layee 

_ a0 taey: 
rt Ret a) 
e L vii wz. 


t 
; Gt (gos “oreo SPOR 
i : oe 3 ee sv Lorega 
9 > 
V Lewes 
j 
74% ; } 
pe ig y ears) | 
iy REOOY? 
(ei) We 8 
Poti. iM il if 
eho Sl oth ek) 6 
fa) 2° 4 ; 
“=. ; : 
(Be54)] 2, 8. 0-8 
igre 5% d _ a 
a 1) E ; C 
7°us 
8 


+nres tia 4 es 
[£9 teaaie Alas |) 


é 


BOe «4 


pals pak ie $f fo Fest 


pl’ ake 
jc. Deh s% 
bal 4 


fee 


> = 
co tatp e) Oe 


» qouaee onae 
i gael enemtg Cade 
mnviev 


‘78! 26007 

te .=@oat 

an! SO - 
fais of 


Table 10, continued 


Takeoff Angle 

Scan Speed 

Scan Range 

Background Counting 
Tame 

26 limits 


20 dimies tor centered 
reflections 


Final number of 
variables 


Unique Data Collected 


Unique Data Used 


(Fo > 30 (F4)) 
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SOLUCLON OLvotructure 

The independent Rh atom position was obtained from a 
sharpened Patterson map. Subsequent least-squares calcula- 
tions and electron density difference maps led to the loca- 
tion of all other atoms. Anomalous dispersion terms? LO 
Ri, P Vand Cl were ancluded in Bos) ine Carbon atoms of the 
phenyl rings were refined as rigid groups. Hydrogen atoms 
WeLensINeluded as. taxed sContribuLions and Not refined. “Add 
NONGYOUp atoms were refined individually with anisotropic 
thermal parameters (for a more detailed discussion of struc- 
ture Solution ana frigid group treatment sée Chapter IT). 

The final model with 115 parameters varied converged 
to R= 02037 and R, = 0.069.°+ In the final electron density 
difference map all of the highest 20 peaks were in the 
Vicinitves of the phenyl rings (0.91-0.54 Se A typical 
carbon atom on an earlier electron density difference map 


° 
had an electron density of 7.7 AE 


Results 

The final positional and thermal parameters for the 
nNongroup and Group atoms are given ian Tables) 1lvand 12, 
respectively. The idealized positional and thermal para- 
meters for the hydrogen atoms aré given in) Table 13. Least 
Squares plane calculations are presented in Table 14 and 
selected bond distances and angles are given in Tables 15 
and 16, respectively. A listing of observed and calculated 


structure amplitudes is Aeeuueisen s- © Tres unwe Cel. TOE 
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trans—[RhC1 (CO) (DPM) ], is shown in Figure 8. Four adjacent 
molecules are drawn in order to show some of the packing 
intesaceiOns..) The crystallographic 2) axis 2uns. trom bottom 
LOU EOD OL Ener page, Lhe c axe as horizontal to the sight 
and the @ axis runs into the page. Figure 9 presents a 
perspective view of the compound, including the numbering 
scheme (phenyl hydrogens have the same number as their 
abtached Carbon atom). The immer coordination Sphere (of 
trans- [RhC1 (CO) (DPM) 1, Ls shown an Pigure 10, along with 
Some relevant bond lengths, 50% thermal ellipsoids are 


drawn. 
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° 
Table 15. Selected Distances (A) in trans- [RhC1 (CO) (DPM) ], 


Rh-Cl 
Rh-P (1) 
Rhee (2)5 
Rh-C (1) 
PO=C (2) 
PZ Se 2) 


Rh-Rh- 
Rh-Cl1' 
Pu) Pt) 
Cl=H (16) 
C1-H(45)D 


2.3879 (9)) 
2.3141(9) 
ars S £ox9)) 
Ls8i4 1(4) 
L.840° (3) 
Lasso a(S) 


36 2386)(5) 


BS eye) 1G) 
Sees OMG) 
2-69 
2/3 


poy (Gil) haz oo Gla) 
P(1)-C(21) 
P(2)-C(31) 
P(2)-C(41) 
Ci) —o6 


Nonbonded 


OH (14) = 


eM) =nie). 


C2) naz) 
C(2) =H (22) 


Peo3 32) 
NB esha ie (EZ) 
i Dares sess 23) 
Ge 2 (2) 
1.102 (5) 


2e50 
2.69 
Paes 297) 
2.64 


“primed atoms related to unprimed atoms by a center of 


inversion in this and all subsequent tables. 
b oes 
Atom located at x,y," l=z. 
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Table 16. Selected Angles (deg) in trans -[RhC1(CO) (DPM) ] 


2 
Bond Angles 
Cierny 86.20(3) C(@2)=P(h)=-e2) NOle 
C1~Rh-P (2) 95.33(3) G(2)=P(1)-c (21) ifeleys 
Cl-Rh-C (1) 16921 (1) Clap ()eeroiy Os 
Ci) kh-Ry) 912601) Cli2)—P (2)=e(41) Oi 
C()=Rh-P (2) 97255101) (2) =P (1) ca) 103. 
Pi) Rn-P (2) 176.50(2) Qs ep) clan) 99 
Rh-C (1)-0 176 G4) P(1)-C(11)-c(12) 17s 
PL) —C(2)-P (2) 116.8 (2) P(1)-C(11)-C (16) dae. 
Rh-P(1)-c(2) Wee) Pl) —-C(24)=C (22) 122. 
Bn-P (ir ol) LPO CL) P(1)-G(21)-G(26) eye 
Pho-e (jectLy) 2 te? Ce) P(2)-C(31)—C(32) neers 
Rh=P(1)-¢(21) | 11292900) P(2)-G(31)—c (36) ees. 
Ra=P (2) '-C(31)_ 120. 35(8) P(2)-C(41)-C (42) 123. 
Pier crt) 174553(9) P(2)-C(41)-C (46) Ie: 
Torsion Angles 

P(1)=Rh-Rh —P (2) 253) C(ly=Rn-P (l)y-ct2) 140. 
C1-Rh-P (1)-C (2) = 50 sb (1) C(1)-Rh-P(1)-C(11) 18. 
Cl-Rh-P (1) -e (1) Lye 7 Cin) C(l)=Rh-P(1))—c(21), 103. 
CI-Rn-P (1) =Cc(21) 65.74(9) QE Se ION eS oii. 
Cl-=miee (2) ce). 99.7 (1) G(1)=Rh=-P (2) '=C(B1) 142. 
Cle Rh=P (2) Cle) | = og 2) CODerhi-p (2) ocd) un 2a. 


CloRn-Pi2)e—C C4) 145.75 (9) 


Vector-Plane Normal Angles 


pen Clee Cn) oes (2) 
, Rh-C(1)-P(2)' 2326) (2) 
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DESCRIPTION OF STRUCTURE 
RE LURE 


MMe ysteruccure oT trans-[RhC1 (CO) (DPM) ], (1) consists of a 
discrete dimeric unit located on the INnVersion centre at 
the Grigin; thus’ the molecule possesses crystallographically 
imposed 1 symmetry. The coordination about each Rh atom is 
effectively square planar with trans geometry about each 
mMetal, much like Vallarino's compound®® and ats analogues 17? 
Slight tetrahedral distortions of the Square plane are 
evident as was observed in the red and Orange Lorms “of 


Wilkinson's compound, 11/1123 


Therefore the two phosphorus 
atoms are folded towards each other in the direction ie 
the Rh-Rh vector whereas the Cl and- Co ligands are folded 
in Che Opposite direction (Table 14)) "the dimer.c Wat as 
composed of two of these parallel square planes in an 
eclipsed conformation and bridged by the diphosphine lig- 
ands. These planes are arranged such that the chloro lig- 
ands on adjacent rhodium atoms are mutually trans, as are 
the carbony | iigands. Significantly, the square planes 
are not perpendicular to the Rh-Rh vector but are inclined 
to it by ea. 75.9° (Table 14) with the chloro ligands fold- 
ed in towards the bridging sites between the metal Centers. 
This same twist of thé Rh square planes ie also observed 


iim erans— [RCL (CO) (DAM) ] although Ve was not moted) an 


D> Lf 
ae ca 

ther original report on this comoound. the skewing of 

these planes seems to result from an attempt to minimize 


the mon—ponded contacts between the equator iraiwch lororand 


carbonyl ligands and the phenyl rings. So in the observed 
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conformation the Rh-Cl and Rh-co vectors are staggered with 
respect to the P-C vectors (Table LG je 

Within the Rh-DPM framework the parameters are essen- 
tially as observed in other similar DPM-bridged com- 


pep eens 7 64, 85,89 


The two independent Rh-P distances 
C2701 4149 )and 288155) Sler signi tucant ly ed iueterents 
however no chemical significance is eGbackheadm len thas wait — 
ference. More likely the difference is a consequence of 
packing considerations (vide infra). Unlike most other 
DPM-bridged species which have a cis methylene arrangement, 
the methylene groups in the presente Compound are folded an 
a trans configuration with the methyléne carbon atoms dis— 
placed by 0.720(4)A PVeme the best. ineraligand kn P=P—-Rh 
planes. The folding of the methylene carbon atoms out of 
these pllanessoceurs such that the phenyl ?grotps avoid the 
equatorial digands. 

The parameters involving the chloro- and Caubony 1 
ligands are not unusual, being Ey pacar tOr Rh (l)= phosphine 
complexes, 24735,89,120,122 

thewrelatively long Rh--“Rh separation of 3 ese a 
is consistent with no formal metal-metal bond, and) sean 
fact Significantly longer than the non-bonded Rh---Rh 
SGigenestostonle ere so Mapoen Chen Mel a IS SIC ice Giacuneeel an, 
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[Rho (CO) 4 (u-C1) (DPM) 5] [BF 4] (Chapter II) and [Rh (CO) - 


2 


(u-S) (DPM) respectively. dn’ these two "A-frame" 


89 
gl: 


Species the metal centres aré held closer than in the 


present structure owing to the constraints of the bridging 
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chloro and sulfido ligands, respectively, in the former two 
Species. As in previous determinations in which no metal- 
metal bond was present the intraligand P---P separation 
(33130 (a) is Significantly less than the Rh---Rh sep- 
aration. However the Rh---Rh Separation is still consider- 
ably Jess than.that observed jin the DAM analogue (3.396(1)- 
A), > reflecting the differences in bite size of the yiwo 
ligands. = 4 further indication that the Rh=Rh interaction, 
in the present compound, is repulsive is seen in a compari- 
SOD@OL BENGSP-C—P 9(116,8 (2)°) sand As-c-Ac (L132. 5( 4) 2) eangies 
in the DPM and pam>t complexes, respectively. The larger 
P-GP vangle retlects the Strain on the DPM ligand as the 
metal centres are tending apart. 

A comparison of the metrical parameters of the DPM and 
DAM ligands in the present complex and in trans— [RhC1 (co) - 
(DAM)],,7>7 respectively, shows the expected trend resulting 
from the larger covalent radius of As compared to P. There- 
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fore the average P-C ie oo (4) ae P-C 


methylene plieny! 


(Blas (59) ander or e(08 30) yan gana ca ae Ta paonnse 


° 
cantly less than the corresponding As-c (L097 (2) A), 


methylene 


As (93609) Aj anas Rhona (2540 7( 4) A) tdistances, 


~“ohenyl 


DISCUSSION 


The primary reason for undertaking the structural 
determination of trans~[RhC1 (CO) (DPM) ], was to permit com- 
Slee 
parisons between it and the analogous DAM complex a 


order to gain an understanding of the differences in their 
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solubilities and chemistries. Based on the packing of the 


complex, shown in Figure 5, it is not 


aqditpircult to under— 


stand the insolubility of the DPM complex. All the phenyl 


rings in the lattice have one of essentially two orienta- 


tions allowing extremely efficient packing "of the molecules 


amd efficient stacking of the patallel phenyl rings.  How— 


ever, since the DPM complex turns out 


Cor betessenta ali 


isostructural with the DAM analogue we find the solubility 


differences somewhat Surprising. It is therefore assumed 


that the subtle differences Pes Un Ganic 
Rh (DAM) framework (vide supra) result 
packing than in the DPM complex. The 
molecular framework is obvious in the 


result in unit cell volume of the DAM 


from the larger 

i lesseetirerent 
efiect of the larger 
cell parameters which 


complex being ea. 


4% larger than that of the DPM complex. 


As had been expected, the Rh---Rh separation in the 


DPM complex is significantly shorter than that in the DAM 


complex. This arises because of the smaller bite of the 


DPM ligand which holds the metals closer LOgGeEner ay Lt as 


anticipated that these different ligand bites will have 


StGnAPiCane etiects On tie stability ot Species containing 


bridging ligands, especially unsupported ligands such as 


/Ketonie” carbonyls. Certainly Studies to date do indicate 


a "ditievence in stability between DPM 


and DAM “ketonic”’ 


Carbonyl species. The present structure and that of com- 


plex 2 conclusively establish the significantly different 


effects that tie DPM and DAM ligands have in establishing 
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metal-metal separations, in analogous structures. However, 
it must be noted that the present structure and that of 2 
as determined by Mague>t reflect only the preferred metal- 
metal separations of the two ligands under similar condi- 
tions. These ligands have extremely flexible bites which 
are rather easily changed. Therefore, a redetermination of the 
pe Meso eI RHCI GO N(DAM) by oa sein ciao es) 
indicates a Rh-Rh separation of only SS Gne ie Taasoas 
of course comparable to that in the present DPM compound 
and much less than that observed in the Tei idca lwimaed y= 
ted complex. The difference (0.160 (2)A) is due presumably 
to packing considerations. At the other extreme, the lar-— 
gest metal-metal separation of Noo ane has been observed 
in [Pd,Cl, (u-HFB) (DPM) 41, °/ indicating just how far the 
metals can be forced apart. Notwithstanding, the minimum 
and maximum metal-metal Separations allowed should occur 
in DPM and DAM, respectively, as is the case for the two 


essentially isostructural compounds i and 2. 
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CHAPTER IV. 


The Chemistry Ory Binuclear Rhodium Complexes with Sulfur 


Dioxide and the Structure of [Rh C1, (u-S0,) (DPM) 5] 
ee OE Et AUT SO.) (DPM) J 
INTRODUCTION 


ine Cationic "A-frame" species [Rhy (CO) 5 (u-C1) (DPM) 51” 
(1) has been shown to undergo facile and often reversible 
PedeCeVons with sme ll molecules .2°2/91,96a An X-ray struc— 
tural determination of 1 as the BF, salt has indicated 
that both the enclosed bridging site, between the metal 
Centres, and the termina! exposed sites, remote from the 
bridging site, are open to attack by small molecules?? 
(Chapter II). The accessibility of these sites has been 
confirmed by experiments which have shown that CO attacks 
at the terminal alee yielding [Rh (CO), (u-CO) (u-Cl)- 
(DPM) 517 (2) (see Figure 11), whereas preliminary Studies 
pndteated "hat. attack by SO. seems to occur directly at the 
bridging atten. ee Therefore a detailed study of the chem- 
iS erywon [Rh (CO). (u-C1) (DPM) 5] ~ with SO, was undertaken to 
gain a better understanding of the modes of SO, actack. and 
coordination, 

It was also observed that on prolonged treatment of 
the initially formed adduct [Rh (CO) 5 (u-C1) (u-S0,) (DPM) 1” 
(3) with S05, a GiSproportionation reaction seemed to ocaur 


yielding a neutral carbonyl free Species scontagning S05, 


which was formulated as [RhjCl, (u-SO,) (DPM) 5] (4), and at 
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least one other unidentified species (6) aoe The structural 
Characterization of this new SO. complex was undertaken to 
establish unambiguously its identity and a detailed investi- 
gation of the chemistry yielding the species was undertaken 
to establish the mature of this ‘di spropertaonat ton. 
reacuion. 

In addition the chemistry of another binuclear complex, 
erane—|BbC1 (CO) (DPM) 4.7 with SO, was investigated to 
Offer comparisons with the chemistry of the "A-frame" 
Species: (1). in the dichlorodicarbonyl species only terminal 
attack is possible, since the positions between the metal 
centres are blocked by the equatorial ligands??® (Chapter 
Tit) e iiebetove,minicteresting comparisons in the chemistries 
of this species with that of the "A-frame" complex Gy) were 


anticipated. 


EXPERIMENTAL 


Preparation of [RhC1. (u-S0,) (DPM) 51, Method A_ 
AVSOlUc On ot 01 00nG (0.072. mmot or [Rhy (CO), (u-C1) - 


(DPM) ,] [BPh,] in LO mh of THF was treated with SO. for 10 


Z 
Min and then crystallization was induced Dye adOt ELON Or 
diethyl ether saturated with SO, - Lice resWlLeing £ed orange 
Crystals, analyzed as [Rhy (CO) > (u-C1) (u- S05) (DPM) 5] [BPh 4] 
(3a) and were obtained in 90-95% yield. This solid was re- 
dissolved in THF and slow concentration under a stream of 
SO, yielded OS) Bhalavallt Gonaeyeiuvenn - [RhjCl, (u-So,) (DPM) 4], 4, 


as well formed red-orange crystals. The remaining solution 
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was yellow. The yield of this second SO. complex varied. 
between 0 and 503, depending on the batch of Rhy (CO), (u-C1) - 
(DPM) 5] [BPh 4] used (vide infra). Elemental analyses for 

all complexes are shown in Table t/ andthe SPECErOscopic 


data and conductivity measurements are given in Table 18. 


Method 8B 
A suspension of 0.200 g (0.182 mmol) of trans- 
[RhC1 (CO) (ppm) ],°° ines 0S ot CHCl, was treated with SO, 


for approximately 2h. Slow concentration, under a stream 


of SO,, yielded the desired crystalline product in 95s Vields 


Nethod € 

To a solution of 0.100 g (0.202 mmol) of [RhC1 (Cop) 1,7” 
In 20) mie or CHjCl, was added 0.156 g (0.405 mmol) of pDpM 
dissolved in 5 mL of benzene. Immediate treatment with SO 


2 


and concentration of the solution by evaporation under SO. 
yielded the crystalline product [Rh C1, (u-SO,) (DPM) 5] in 


90% yield. 


PuCpal aeons on PR) (CO) aC) DPM) Ici, [Rh , (CO) , (u-CO)- 
(=C1) (DPM) ,] [C1] and ets ~[RhC1 (CO) (DPM) ] , 


DLCacmentOLecmsO lit Ton Of 60 rl 00 Gm 02095 mnol eon 
[RhjC1,(SO.,) (DPM) . 1 ae NG) Grillin fone CH,Cl, with CO and concen- 
tration under a CO stream yielded quantitatively the pro- 
duct [Rhy (CO), (u-CO) (u-C1) (DPM) ,] [C1] (2b) as an Orange 
Microcrystalline solid. Pumping on this solid under vacuum 


resulted in the total conversion of 25 to [Rh (CO). (u-Cl)- 
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(DPM) 5] [C1] (lb). Bubbling dinitrogen through the solution 
of 2b followed by slow concentration under dinitrogen 
yielded "evs —[RhC1 (CO) (DPM) ]," 6 as a yellow crystalline 


Shed etal 


Spectroscopic Studies on the Stepwise Reactions with SO _ 


A solution was prepared by dissolving 0.100 g (0.072 


mmol) of la in 3 mL of CDCl. in a 10 mm NMR tube. This 


Le 
was cooled in a 2-propanol/dry ice bath and approximately 


ou 


0.5 mL of gaseous SO. was admitted. The p{+H} NMR spectrum 


2 
was recorded immediately at 223 K. This procedure was re- 
peated measuring the NMR spectrum after each addition of 
SO. lilies. nearly tall or la had been converted to 3a. 
Throughout the experiment only resonances assignable to la 
or 3a were detected. 

Infrared spectra were recorded in an analogous manner, by 
recording the infrared spectrum after each stepwise addition of 
0.5mlof SO, (at atmospheric pressure) to a CHCl. solution OL 
la (0.500 g (0.361 mmol) in 30 mL). Only bands assignable to com- 
plexes la, 3a and free SO. were detected. The stepwise addition 
OL sO, to trans~[RhC1 (CO) (DPM) ], was similarly monitored 
by infrared spectroscopy; however, in this case infrared 
Handset J/40(m)o. 1995 (sh) and: 2020 (8) cm + were observed 
at pie eaa ace times in the experiment. After all of the 
ee eer end COMpLex had weacted, only bands 


attributable to 3b and free SO. were observed (Table 18). 


The NMR and infrared studies on both complexes indicated 
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that several additions of SO. were required before any evi- 
dence of a reaction was detected. 

A 345,45) nmr spectrum of a sample of 3a that had 
"disproportionated" showed bands assignable to 3a and 4 as 
well as bands at 6 = 8.05 ppm (singlet) , 91 6 =5.90 ppm 
(doublet /0'z) and 6 =—13.4 ppm (doublet, 120Hz). The 


sum of the integrated intensities of the last three peaks 


waS approximately equal to that of 4. 


Alay Data Collection 


Red crystals of [Rh Cl, (u-S05) (DPM) 5] Suitable for 
Single-crystal X-ray diffraction Studies, were supplied by 
Dr. A.R. Sanger of the Alberta Research Counci i. | Pre lami n— 
ary film data showed that the crystals belonged to the 
monoclinic system with extinctions (hOL, 2 odd; OkO, k odd) 
characteristic of the centrosymmetric space group P2,/c. 
See Table 19 for pertinent crystal data and iieensity Collec 
tion information and Chapter II for a more complete dis- 


cussion of data collection. 


structure Solution and Refinement 

THe Structure was) solved by using a sharpened Patter- 
son map to locate the two independent Rh atoms. Subsequent 
refinements and electron density difference maps led to the 
location of all remaining atoms. Anomalous dispersion 
terms?98 fon Ri, 2, Clana S were, included an See The 


phenyl rings were refined as rigid groups and the hydrogen 


atoms were included as fixed contributions and NOt. retined, 
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Table 19: Summary of Crystal Data and Intensity Collection 
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Scan Speed 
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Time 
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All nongroup atoms were refined individually with aniso- 
tropic thermal parameters. An isotropic secondary extinc- 
tion parameter was included and refined Since several in- 


tense low angle reflections systematically showed De sig- 


bs 
hit Cant ive leccatian Bea 6 (For a more detailed discus- 
Sion of the techniques used in solution of the Structure 
see Chapter Ii.) 

The final model with 216 parameters varied converged 
foun = 0.050 and Re DG ee Invtne tanalee lectron -den— 
sity difference map all of the 20 highest residuals were in 
the vicinities of the phenyl groups (0.99-0.55 SO) A 
typical carbon atom on an earlier synthesis had an electron 
Censwiiy Of wabOutes.o aye 

On the basis of “the high thermal pabameters Of some of 
these group atoms and the residuals about the phenyl groups, 
it seems that an anisotropic refinement of the phenyl car- 
bon atoms would have been more suitable. However this was 
not attempted due to the very high cost and the tee ling 


that no significant change would result in the parameters 


Of “interest. 


Results 

The positional and thermal parameters for the individ- 
ual anisotropic atoms, rigid group atoms and idealized hy- 
GrOogenwalomsedre given im Tables 207521 anda 22. PeSpecuive iy. 
Least-squares plane calculations are shown in Table 23 and 


selected bond lengths and angles are given in Tables 24 
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and 25, respectively. A listing of the observed and calcu- 
lated structure amplitudes is available.+1® 
A stereoview of the unit cell is shown in Figure s2. 
The crystallographic @ axis is horizontal to wake) esle panel. 
the ¢ axis runs from top to bottom and the D axis goes 
into the page. Figure 13 presents a perspective view of 
the compound including the numbering scheme (phenyl hydro- 
gen atoms have the same number as their attached Carbon 
atom). The inner coordination Sphere 1S Shown in Pagure 14 


along with some relevant bond fengths 7. 50 2 therma ) Sandie 


Sods, are, drawn. 


ue 


vs Parad ma TT a 
o e, w Soa md 7. 
| Peele Bad we 
we 


Lad | 


1 ata 
7 a | i 


St aot : aa “i 
idets arts He" nae nai ts 
eek eizx -t os Eins mea 
9m Vaas 3 dae 
sorte Lysate 2) re le 
shaipe Venpasyal Iago" et 2M 

bt ease? ue shcitae ats ssiyipiahanpi 


op it ad Bar FOE datonads twine a 


87 


© 2Ob X SJUB}SIFJSHOD [PW4SY, BY Bue |Lqe}y ayy UL UBAIH sai3yiqUeNdb 


aut LE CUMETA 4947+ LUEL Ne DHETHMUTZ EMA Qe OTH LEEM 2 #94 ATT x44 Ub EN2 x2) 2 1dxZ-]dxa ‘S$ PlOSdi| {Se [ewusyzy By yO Wuo} BU] 


(v)Z°O (y)O'+ (v)E°O (9)v' Pr (S)s 
(v)p°O (r)e“s ie vate) (S)6°€ (S)z 
He WAST) CE)e Ss CevjienO (ej roe (P)9 
(€)6°0 (€)v oO CE)270 (E)c'e (v)e 
(6)60°0 (6)Ob+ (6)+b°O- (1)8°z% (1 )8° 
(bb E- Ceyeee (+ )O°r- CEYeer (+)8° 
(+ )e°O- Ciera (b)L°O- (Z)c's8 (+ )0O° 
CEIP-O- Cr)s"0 (650 (te € (+ )t 
(b)+'O Choe CE rae (1)8'¢ (+ )O° 
(1)0°O (6)L0°4 (1) O- Chior Ghyce 
(1)2°O (t)9°4 (he oO CEA (1 )38° 
(EJOL°O- (£)98°0 (€)SO°O CP) LEGG (7)S9° 
(€)v0'O CEVLE TE COgUEsO= Clr jicsve Cr iLer 
Sent 1 cine | coneiomie wi zen 


“[@(Wdd)(ZOS-nw)zLozuy] 40 


*S8(qge} JUuanbasqns {{(e pue siuiy ut seseyuzyUusued UL UaAIB aue (S)eunBiy JPUeDLUB}S ysea, ayy UL SUOLJeLASBP PuepueyYsS Pajyewtysg 


Q 

e 
SG GE (ms ) GWere es 
it (v)S'e (S)rier'o (9)L6re°0 (S)0€80°0 (hLYS 
"g (v)6'Y (€)ZE6S'0 (S)sSGzz'o (€)SO8l “oO (Z)O 
"G (y)e°s (€)+609°0 (S)pzSt°oO (v)LSOE°O Gia 
€ (hb) ov (£)ec9S"0 (Z)OLLZ“O (b)btPrre°o S 
v (b)8'p (+ )SO8E'O (Z)ESEO'O (+ )S6rb°O CeyLs 
v Chars (7 )€eeEs‘oO (2)oLer" oO (+ )EbPEe'O Cyto 
bp (b)t vy (+ )6LS¢°0 Coy LLORe CW cece o (p)d 
b Chuce (+)9S0S°0 (Z)8ELZ°0 (+ )LS6E°0 (€)d 
Cijee (1 )99%b°O (cilerre © (PF) LE5G oO (Z)d 
€ CDi ty (+ )810S°0 (SjeLereo (b)LL91°0 (b)d 
€ (p)tpe (€)OzESr'O (S)LEE9L OO (€)69017°0 (7)ua 
€ (v)b9°e€ (E)trbts'o (S)resee'o (€) prezzo (+ )ua 
“imihi, epee oS 7q\teoe te omy Cag 0 enor wory 

q e 


Swoyy Anoubuon ey, yo4 Suaj}oweueg jewUusU, pUe LeUOIL}SOdg “Of 319VL 


, 


es os 


Ripeitieds cepa Paster 
‘7 


“a 


(etia¢ 
te1)> © 
dv}r *& 
116.4 
iPitle 
vor «© 


(2:18. 0. 


oe 
(etch 


fe i&.8 


Rta wen Pad a) sauierseg ft ieee Ow tedwray!! 


6ho (RERUNS cer tete ut aret ee 


Hirdg® tea 


« rfre a 


iP }ectt.o 
ie Treze.o 
4s g.0 

Pieter D 


“ee Petee.o 


mi cee 9 
tetote?: 2 
torrie? 


(¢ °C] f 


‘bo 


oh el a> é 


iw ows e+ Cee eee s © 5 om eee == 


(epigtis.0 
Ce pOeres 6 


jeisescs..o 
(preter .c 


(epevte.® 
CHINE © 
($, "e720 
c2de"*O.0 
(claves 6 
iwerche 
Fepet reo 


roreete? © 


our “T BePprt 


ai gice ths 


< Cithtar tse lesmeny, ot? oF 


(€sosers 0 ‘oa 
ierequrs.4 ern 
ues ti 

, ereblays isis 
crs tese.4 (o)o 

é: ftees.6 eure 

* (rintee.c teste 
[+ seBPre .v ictea 

pr irbet,& 2 

to /tar ae 

(o leper rie 
es ie Par 

to srtie i> 

Oh eteespe  s°oTeees! 
iL] 
Sn See 

as 


88 


*qQ pue 4e Bulureyuos aue,d ayy jo uOL}ydaSuaj}U 


(6) ees 
(S)S78Pr° 
(S)eGcs: 
(€)O66S° 
(S)869S° 
(S)696p° 
(6)61L1E° 
(8) rosc: 
(S)91S2° 
(6)prie: 
(8)6SZLE° 
(S)LbpLe° 
CEIZ9e8 
(6)?66zc° 
CERES 
Cicer 
(6)7tEOr’ 
(CRG ie" 
(8)O00r9° 
(L)9t69° 
(v)S189° 
(8)8el19° 
(L)t6&4S° 
(p)EtLg° 


(9)S'bt 
(7)9' pb 
(t)S' 
(€)e°9 
(v)8°L 
CSNizaor 
(r)e's 
CO\Gey 
(G)2L°6 
(9)E°Z 


1 
G 
(Z)bO'r 
(6)Pzs8°s 
(ZyGsib-<¢ 
Cert 
(G)GLL°S 
(9)tcte'p 


(S)r9r- 


(2)S8Z1° 
(S)oczwa: 
(S)Ovez: 


(S)88S0° 
(S)69b0° 
(9)~?L60° 
(9)9p80° 
(L)8620°0 
(9)EzLO'O 
(9)S000°0 
(L)"GSo'oO 
(9)rplee'o 
CEIEESEMO 
(9)88re°oO 
(9)SEzZE"O 
(S)ezoe°oO 
(9)190€°0 
(S)S842°0 
(L)6L0E°0O 
(L)OpLE'O 
(S)LOtLp'O 
CHISNSE TO 
CAjicsiteno 


Ox 
@= 
On 
(L)ETStO- 
6a 
O= 
(0) 
(0) 


; $ 84} Aq paulLsap au 
é iF OF L[eLteued st x !Bultyu ayy yo |aujzuao eu} St UuLBLruo Ba pene e ee 
+ Apog PiOt4 |uy Yotum Aq sai Bue ayy aue (Ssue}peu)eyq pue u 


“DS pue q BHbututez,uoos sue,d suzy urIM 


lLetteued si 


K (wie Sy ei 


: L Letl_eued si 7 
Z pera X Sexe JO YAS © OF YDSdSauU UYIM PajzeOU 
Oltsd9z‘ei1|eq salGue uolzyejUatuo dnoub P1Ht4u su, 


fe) 


‘dnoub 
P1Otu 984i JO Ploujuao O84} JO SBYeULP4oOD [| euolLzZOeU}y BY} Bue 97 PuUe Dh oN 


(S)pvt oO 
(9)086°0- 
(ES) aor? k= 
(9)Z7L8°0 
(ievcsc 
(v)6pO'4 
(G)6EE°O 
(pv )E€0L°O- 
e100 
q 
(S)9vOe'O (98)9 
(G)E€E0E°O (S8)9d 
(S)8eze'o (vs)o 
(S)LSrEe°O CESNo 
(S)OLrE'O (78)9 
(G)S97E'0O (ME e) 
(S)ELOE*O (9L)9 
(6)60EE°0 ES 
(1)96€°0 (pLl)o 
(S)TLEr'O (8Z)95 
(6)9€E1P°O (aM VS) 
(+ )6reE°O (hy ye} 
COVERS ZO (99)9 
(t)8bre°oO (S9)9 
(c)6tr°O (v9)9 
(Z)EB8r°O (€9)9 
(C8 Ney areaeo} (z9)9 
(7)80r'O (Loa 
(9)LS8r°0 (9S)9 
(})LrS°o (SS)9 
(6)1009°0 (vS)9O 
(9)~pz6G’O (€S)9 
(})FESG°O (éS\ya 
(6)182Lr°O CESS 
x WOYV 


(€)'92%g°0 
GAYCELE © 
(E)ELSE*O 
(€)6929'0 
(€)SIL2°0O 
(€)8cerv'o 
(€)OSPr9'O 
(€)LO8E°O 


(vy) port: 
(7 )9¢r0° 
CQinece. 
(v)9rvEe- 
(S)SveEe 
(€)6771° 
(~)Otprs: 
(7) 6E6S° 


(9)066Z2°0 
(v)tZEz oO 
(S)8POz'O 
(Q2)trre°o 
(v)6OLE°O 
(S)E8EE°O 
(9)EL9E°0O 
(9)SILLE'O 
Cero 
(9)ts6r'O 
(9)tv6er'o 
(+)6c%r'O 
(v)ESE9'O 
(€)Pr669°0 
(€)160L°0 
(v)8rs9'°0O 
(€)L06S°0 
(€)608S°0 
(v)vler'o 
(V)GSLE°O 
(GS)88zEe'O 
(v)tvee'o 
(p)O98e'°0O 
(S)9Z7Er'O 


(9)cE60 


(v)8kL0° 
(9)StOL’ 
(9)9¢St - 
(v)OPLt° 
GACStirs 
(S)}c6r- 
(S)z6ss° 
(pv )O6E9° 
(S)616S° 
(S)8Pé6r- 
(9)SE8S° 
(S)19S9° 
(S)9999° 
(9) Pros’ 
(G)8keg° 
(G)ELz7sS° 


CEjiGsiGe 46 
CENCE ome: 
(SVsalie Co 
(€)16ES°O 
(€)S8390°0 
(€)49G60°0 
(aA) NSLEML ° ©) 
(€)90E1°O 


(Gayisecie 
(G)OOZ1 ° 
(9)%6SO° 
(?)6L00° 
(S)OL10O° 
(CS) SV IO} 
(t)Ppro° 
(6)980}1 ° 
Ce ae © 
(+ )690° 
(6) LE00° 
(v)6800° 
(Gate 
(S)L9PFIL- 
(S)9TLI- 
(vp)Ee6l- 
(S)6ZL81° 
(Cecsis 
(1)0S80 ° 
(S)9890° 
CON Cre 
(L)EQ9LI- 
(S)Le6r- 
(CSR ybilk © 


(p)SGrLe° 
Caiicohes 
(S)rpsLe’ 
(~)800r° 
(S)tO9E° 
(S)696Z° 
(9)Erri 


“L2(WdG) (ZOS-nw)ZLd7UY] 4¥O SWoYY dnouD PIB}y a4 uo4 SuayoWeUeg Pantuagq 


“kG 318Vi 


2 = _ 1 “oe . 


eae 


an IM 


ee 
neas 


re 


es 


Stes 
: 
Looe 


Ta 9ge 


= 

‘ 
- - P 
7 


scusoces@ 

Putt 

a 

« 

— 

SD 

a, 

ve 

: 

ot 8 
2 sOM: 

ys 


a 
4 4 42 Cer 
*h-F > a 4 wien = imers.t fa «€ 
ba, eqens ee Sy an wrist 1g ae 
A (at Tita wilder, fee {ie Shy 
v | Tc 3f-@ (4! ae suet 2-? ae o 
S faa’? 145 > faptpes-—- epee @ ert » 
ier). ie ie es o rotaw t oe 
¢ om= @ @ &S &- —« - a ow@ew- « o@ « - « ee ee ee oe ed o 
pagie2arns 4 1G 
cT*< ~ <7 


_ 7 (site. .> tj 5e <= itjee? (Bi t294 ‘ “ah 
: arce tise + a 344 ort . ve 
wang le Ved! {34 - en? ok Te) a reat 
= ae oye 8 {seer 9 eri oF 789 : “e ga3 
Crisis sad Z6° t et 6 th + 
- * De ge i<7os.¢ 4 4 ¢ t z 'etery ‘ 
fioage & 1 tee 7 cue ‘ “ATES Tait 
c Saja)" .1 (@ pete.? aint . in’ 
] 
s 5 tek” | i. v§4 er 5 a] bd ‘ = *<¢ 4 é 7) ae | "me HAR Lota s 4 


- wheats, BIBER Patil Vo OREN A-OF aos fensieN 54! a os pat. nee . hos = meng wie =" 


<2 Se @ ferrews =f Fcoiy ee 6 Aas «Tt & a oe : z ve dees ‘iato® 
; a bkA 8 OO Thee re hes “ec Sol 2a eg 4 “cis Get ae; ¢ ° i. 2 oy! ® — « 
‘ a 4k °@rraie #VEe GS ° ‘> 


89 


(492)H 


09°6 LEOr'O LOZ O- 9067 'O (98)H 079 E6S+°O 
SO'OL LESb OO CEEG TOs E887 ‘oO (S8)H 96°9 pStct‘O 
Siz ESLS‘O LL6S‘O- 6C7TE'O (~v8)H £0°9 LILES C; 
B9O°L L8r9'0O rO9l 'O- L6GE'O (€8)H eb 9 arts 0) 
L£g°9 9666 °0 O€00°0O- O79E'O (78)H 86°9 967E'O 
p9's Or Leno OSEL‘O 6797 'O (9L)H LL‘9 L6Eb'O 
GOuL 9L07'O SLL “© BZOE°O (SL)H 09°8 8crs oO 
99°6 66020 60C0'O EGE va© (tL)H 16°9 6SES‘O 
09'S} GGlE'O L6v0'O- GI8r'O (€L)H GS‘ 9879°0 
(ash Tal O61 PO 0820 '0- Ller'o (7L)H 09°9 v9EL‘O 
cG’s EBLE'O bree oO £567 '0 (99)H Of yh 67SL°O 
sya ve Or9z'o FOuE | 6 EFOE'O (S9)H OGRE S199°'0 
t8'8 PLES +O €£9E°0 Caan a© (p9)H v3'9 9ESGS'O 
teenie: Gvce'O 90ZE'O REGO (€9)H 6S°L 16Sv'O 
Se'6 L8Er'O 3¢68Z°O foo! O (Z79)H €6°8 BLLE'O 
(s/h °yay/! 68~r9'0 veet'o e€6rr'O (9S)H HP? Jl pe6ct'oO 
EC Ext LORL 10 6782 'O 61SG°0 (SS)H ye EZOE'O 
6t'8 L84LL‘O Lb6e°O 3179°O (pS)H GLaG 968E'O 
60°6 8r09'O 6SSr'O 8829'°0 (€S)H ep p Le6r'O 
B6°L 671S'O b90Pr'O 192G'0 (2S)H Epp €8SS'0 
60'S PIPES XG) Secon GOLL'O (9P)H 66°E LpeG‘o 
02'9 pSOT'O 866Z2°0 eSSt°O (St)H 66°¢ tLS¢'°O 
(:V)g iz A x wo yy (:.V)a z 


BIOVO EESO'O 
6Ebvb'O pEEO ' O- 
VSLE'O 18LO0°O- 
O6Gk ‘O 6rVEO O- 
OELO<O cprh O- 
OZEO7O GG9Ol O- 
6980'°0O ELLO'O- 
SG/AI8 ~() SG SXOR” 1@) 
Heiss “() Oe Cia © 
6LSr°O rata © 
ChLGSTO SSE il “) 
cCSOL'O ORG © 
6Sc9°0O (VAC Ye: 10) 
Eos) © 8ESO'O 
S869'0O EITO © 
LISTE 7A Ot) QZO| GS 
SHE IES 6) GEOG ©: 
pE8r'O bSEc Oo 
SOC nO cOSGP'O 
eye lil) “(@) SN ba {0} 
CIGE.O 6ELO'O 
C8sEe O 60PO0'O 
A x 


$O SWO}Y UBGHOIPAH 8Y} 4OY SUaaWeUueg | eWuaeYy, pue 


“[%( Wd) (ZOS-nw)z19z744y ] 


LeEUO}}}SOdq psz} | eap] 


"CE 3VEVL 


: aa 2 


| ‘PECR eS awee yanareceraats 


ao pt ean anacniean sear 


vy en 


Mes i eae 


if aoe rr aes rtsttgg 


beahedt oa BE becbsncee! 


ere 


o 


gas ot eae agua rantoae 


are} 


90 


“STXe yO |yq Huolte Z pue suetd q-e ayy ut A) “Sixke eB sug buelTe Kx Yat —(y) 


“suoTzeTNoTeo suetd seaenbs Asevet UT POpPNTOUT AON 


° 


SOFEUTPIOOD TeuchoyjzTO |ayA sae 7 


q 


oS€°@6 = € pue Z SaueTq usamMzeg eTbuy TerpaytgG 


(v)d (€)d (Z)d (T)a 


wo 7W 


(WY) SoueTq worzZ uotTZeTAag 


ee 


OOP = ST 0CaL tee o6S 0 = oo 1608 Oe SL0iEs0 = a 

OS0= = SLE lL ta2 900 0 = 2 16P lp €706°0 = G 

OO) 8 INSERTS) So OOM S OK (WISE MO) oie GIS 27290) i 
nc Se ee 

uotjzenby “ON 

e oUueTd 


SUOTFETNOTRD suet serenbsejseoq oi Am ee eT 


0°0 


q (6) PET“ O- CZ 0S2 70 (Z)0Sz°0 (7) ZS€°0 COL B00 (9) ZLz0°0- 


0°O 


(9) L070°0- 


cae “FRc ee key. c 7 : 


——— ——= 2 ee a 


a Sees pt grt P7hsy- sSstck cysat @ 0 
pun om ie. € 
5% | a 
9 se a ia i ee a ee 
*s 2 ne jie, tLe +) aaa 
ee ee ee 


7 opie “3 “3 Th > te ? “ad a nd ® A t 7 fare 

Spl eidsle, ely aor 5’ @ tetntdng SBE" 
a 
Tr 


Table 24. Selected Distances (A) in Rh, Cl, (u-SO,) (DPM) » 


Rhi( tl) =Rh (2) 
Rh(1)-sS 

Rh (2)-S 
Ro(1)-C1 (1) 
Rh (2) =C1(2) 
peal) (19 
Re] ) =P (3) 
RZ =P (2) 
Bn(2Z)=P (4) 
S-O(1) 
S-0(2) 


sx 


PU) Pt) 

P(3)-P (4) 

Rh (1) -H (66) 
Rhi(2)—-H(46) 
C(52)-H (62) 
CtG2y-H(S2) 
O(F}—-H(82) 


227639 (8) 


-169 (2) 
~169.(2) 
~342(2) 
~ 341 (2) 
2S) 
Jo 202) 
24 (2) 
254 102) 
PeAS2Z (6) 
224526) 


NN NN 


3.018 (3) 
3.002 (3) 
2.570 
Zar Tt 
PaO) 
205 
2243 


Bess. (9)4 


Bond Distances 


P(1)-cC (1) 
P(2)-cC(1) 
P(3)-C (2) 
P(4)-C(2) 
PUL) =—Cx 1) 
PIA) -E(2 0) 
P(2)-C(31) 
P(2)-C(41) 
P(3)-C (51) 
P(3)-—C (6) 
P(4j=e(7 0) 
P(4)-C (81) 


Nonbonded Distances 


OC he C2 
O(2) = (45) 
O(2)-H2C1 
O(2) B26) 
H2C1 =H (26) 
HLCZ-H (S82) 
H (46) -H(76) 
(52) (62) 


Le G2 49) 
L827 (9) 
1.843 (9) 
de 822 (9) 
12 6306) 
293-0) (6) 
ds 624 (5) 
1 O27 (5) 
2 B27) 
La 62047) 
1 832 (7) 
2,839) (6) 


Zoe 
2.39 
2.48 
2u49 
PRESS 
Dei) 
Zo 
Pe VA) 


ot 


1.929:(9) 


peo Te) 


?For averaged quantities, the estimated standard deviation is the 
larger of an individual standard deviation or the standard 


deviation of a single observation as calculated from the mean. 


by (45) is associated with the molecule at the general equivalent 


positiven =, 


By2 = 0, ee eee. 
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Table 25. Selected Angles (deg) in Rh5C1. (u-SO,) (DPM) , 


Rh (2)-Rh(1)—C1 (1) 
Ri) RiP) 
Rii(2) Rh (1) 2 3) 
Ri) hh (2) = 
Ci) hats 
Ci(ij=Rat)—=2 (1) 
CVC) = rh (y= Ps) 
Ph) Rai) Bis) 
PO )-eati)—s 
Pis)y-Ry (i) —s 

Ra (t)=Ra(2)-Ci (2) 
REC Rh 2 Po) 
Rn} )=khh(2y=P (4) 
Ro) -ka{Z)—s 
CE@)-Rhni2)—s 
Cl(2) kat 2) —2 (2) 
Cl(2) Rh (2) =P (4) 
P(2)-Rh(2)}—P (4) 
(2) hn 2) = Ss 
P(4)-kai2)—s 

Rh (1) ~-S—Rh (2) 
OLD} =s-O (2) 
Rh(1)=5-0 (1) 
Ril) —s-0(2) 

Ri (2)-S5-0'()) 
Rite) —s-O(2} 
Rie) - 2) ei) 
RZ) Se (2) Cit) 
Ba(i)-P(3)-C7) 
Rii(2)-—P(4)-C(2) 
Bi(iysP (ly-ex ii) 
RinG@l =P CI)=¢ (24) 
Rite 2 (2) - eis ly) 
Raye (2) 4 0) 


Pi) — kh () Rn (2) =P (2) 
B46) Bite) = Bin (2) -P (4) 
POR y= Ri (2) =P C4) 
P(3)-Ra (lL )—Ra (2)=2 (2) 
CA eee le) are eens) 

CRP 2b (a) (2) 

Cll =2 (1) Pts) -Cl(ol) 
CF (Bits) 6 (a) 
C(3l)=P42).=P (4) =6(381)) 
CA er ai Cy) 
Ce a OL ada CAL) 


166. 


143. 


168. 


16d. 


Bond Angles 


28 (8) 


- 43 (6) 
-94(6) 
-07 (6) 


5 (2) 


SERED) 
-45 (9) 


46 (9) 


e223 (9) 
-04 (8) 


157ECGy) 


- 10 (6) 
2 or0)) 
-08 (6) 
-44(8) 
ON 7) 
2 el 8) 
woo (9) 
23/ (8) 
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- 84 (7) 


o4) 
6.(3) 
5 (3) 
Ie) 
6 (3) 
3:(3) 
5 (3) 
33) 
6 (3) 


so) 


22) 
Da) 
2(2) 


Rn) =P (3) -C(S1) 
Rite (2) -e (ol) 
Ra 2p P (AC (71) 
BiG rie) Ce 1s) 
Ci)? (= (12) 
CC) Bee) Cre) 
CA) =Pi2) Cio?) 
Ci) =P (2)=C (41) 
C@)- Fs) -O(s)) 
CA) D3) ous) 
C28 (4) =C 2) 
Ca Pas) Gao) 
C(I =F Cl) =e 20) 
Ce = 72) = Cee) 
Co -PiS)-C(6) 
(hah 67 / alg EEN AD EGS) 
Pll EOC) -€ (12) 
Py) Ca) = (1G) 
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Pees j-e(32) 
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Figure 13. A Perspective View of [Rh5C1, (u-So,) (DPM) ,]. 
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DISCUSSION 


Description Of Structure 


The complex; [Rh C1, (u-S0,) (DPM) ,1, displays a dis- 
torted "A-frame" geometry, similar to that displayed by the 
palladium analogue [Pd,C1, (u-So,) (DPM) ,] °° (apart) from the 
metal-metal bond in the present Species). The "A" config- 
uration is described by the chloro and sulfur dioxide lig- 
ands in the equatorial plane, with the apical position 
occupied by the bridging SO, digand. Both rhodium centres 
are bridged by two DPM ligands, which are mutually trans 
and approximately perpendicular to the equa lCOriale plane, 
The distortion from the idealized "A-frame" structure which 
would have the terminal Cl ligands “crane to athe beldging 
SO, ligand results both from close nonbonded contacts be- 
tween the chloro ligands and the phenyl rings and from the 
presence of the Rh-Rh bond (see Figure 13 and Table 24). 
Therefore, unlike other "A-frame" complexes which have 
approximately square planar coordination at the metals, the 
present complex exhibits a highly distorted tr1genal-—bipyr— 
amidal metal environment with the average S-Rh=Rh, S—-Rh-Cil 
and Cl-Rh-Rh angles (50.07(6), 142.9(5) ana IG One weos) ce 
ESCSDECLively, see Table 25) deviating significantly from 
the widealized 120° value. 

Lieenn—Riedistance of 2.7838 (9)A is cOnsistent with a 
normal Rh-Rh single bond, falling within the range previous- 
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The present value can be compared to that observed in the 
related Rh-Rh bonded tricarbonyl species [Rh (CO) 5 (u-CO) - 
(u-C1) (DPM) 517 (meats yay 2 and can be contrasted to the 
distances of 3.1520(8) and 3.155(4)A, Pespectively, fcr 
(Rh (CO), (u-C1) (DPM) 9]* *“*° and [Rh (CO), (u-S) (DPM) 4} , 8° 
in which no Rh-Rh bond is present. 

The geometry of the DrLdgqing SO, Ligand 1Seconsistent 
with a Rh-Rh bonded system. Thus the acute Rh-S-Rh angle 
of 79.84(7)° indicates compression along the Rh-Rh axis 
and 1s comparable to other such values obtained when SO, 
bridges a metal-metal bond (72.6(1) - 75.6 (2)°)007134-136 
but is significantly smaller than the range in M-S-M 
angles observed (912 2(2) = 118.0(2)°) 04782 437 when SO, 
bridges two metal atoms which are not bonded to each other. 
Eee DOntiids tne this SO. digand is symmetrical (Rhii)=6 = 
Rh (2) - S = 2.169 (2)A) and these Rh-S distances are Signifi- 
cantly shorter than the metal-sulfur distances observed in 
other sulfur dioxide bridged complexes of the second and 


EniEG row platinum metals ([Pd,C1, (u-SO,) (DPM) Pd-S = 


ol, 
°0 85 
22234 (3)e and 2. 240 (3)A; [Ir (CO) ,(PPh3).]S0., iro = 
° 60 eb oee 
2G 1 [Pd, (SO), (¢-BuNC) J, DC oe iw) eee 1a 
and ht, (805)5(PPh.).1, Pt-S(av.) =2.275(5)a).1°° Whe seo 
Gistances Of 1.45216) KK andathe O=S6-0 engtomer (ome © Uh diibeds (Gays 


compare well with other determinations in which SO. acts 


2 
as either a bridging or a terminal ligana??/ 134-138 and 


can be compared to the analogous parameters in free SO, 
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(1.431(1)A and: 119 50:(5) > respectively) .1°9 The differences 
between free and coordinated SO. can be attributed to back 
donation into SO. Orbitals which are slightly bonding with 
respect to the O-O interaction and antibonding with respect 
to the S-O interactions.>° However, more simply they re- 
flect the change from sp* to sp hybridization about the 
sulfur atom. The Rh-S-O angles are also close to the ex- 
pected tetrahedral values. 

The Rh-Cl distances of 2 es82{2) cand 2.8341 (392% are not 
unusual; however they are somewhat shorter than those typ- 
ically observed (range 2.355 (2) - 2.386 (3)A) 217 122,123,140 
for rhodium (I) phosphine complexes. 

Within the Rh-DPM framework most parameters are usual. 
The Rh-P distances (average OU Gn eee are within the 
range normally observed when phosphine ligands are mutually 


trans, 227°? 189,117,120 


and the P-C distances (both methylene 
and phenyl) compare well with other determinations, 227 29/89 -120 
The methylene carbon atoms of the bridging DPM ligand are 
folded in a cis configuration towards the sulfur dioxide 
ligand (see Table 23 and Figure 13). This orientation of 

the methylene groups allows the phenyl groups to stagger 
themselves with respect to the terminal chloro ligands in 

the equatorial plane (see C1-Rh-P phenyl torsion angles, 
Table 25) and also places four of the eight phenyl rings in 


the open positions around the bridging site. Viewed down 


the Rh~Rh axis the Rh-P vectors are slightly staggered with 
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respect to one another as can be seen from the P-Rh-Rh-P 
torsion angles of 6.31(8)° ana 7,.60(9)°. This observed 
twist in the Rh-DPM framework thrusts rings 4 and 6 further 
into the enclosed bridging Site, effectively blocking this 
Site and resulting in short Rh-H nonbonded COntacts 

(Rh(1) - H(66) =2.70A and Rh(2) -H(46) =2.73A). Although 
the enclosed site ais effectively blocked by these phenyl 
rings, the exposed terminal sites are conspiciously 


vacant and open to attack by small molecules. 


Transformation of [Rh (CO) , (u-C1) (u-S0,) (DPM) 41” Ie) 
[Rh5Cl, (u-SO,) (DPM) 5] 

The reaction of the parent "A-frame" complex, as the 
BPh,- Salt, la, with sulfur dioxide yields ina eially “che 
sulfur dioxide adduct [Rhy (CO) 5 (u-S05) (u-C1) (DPM) 9] [BPh] 3a 


(see Figure 11). The assignment of this structure is based 
on (1) the infrared spectrum which is similar to that of the 
carbonyl adduct 2a, which has been characterized by an 
A=Eays SELUC CURA determination; >> (2) the SO. bands in the 
infrared spectrum at 1230 and 1070 cm + which are in the 
region observed for other SO. ligands bridging metal-metal 


oe 315,453 nr spectrum which 


bonded centres; (3) sete 
displays only one phosphorus environment; (4) Satisfactory 
elemental analysis; and (5) treatment of a solution of 3a 


with dinitrogen which leads to SO, less wand 2s0leticn of 


the parent species la. 
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Prolonged treatment of a solution of 3a with SO, re- 


2 
sulted in an apparent disproportionation reaction yielding 
[Rh5C1. (u-SO5) (DPM) 5] (4) as a brown microcrystalline solid 
and a yellow solution containing the other unidentified 
disproportionation product(s). Subsequent attempts to 
repeat the above reaction have shown that it is not a sim- 
ple disproportionation reaction. When the seaction was 
repeated using the pure parent "A-frame", which had been 
recrystallized several times, it was found that the reac- 
tion stopped at the sulfur dioxide adduct 3a. Whereas 
when la was purified by only a Single crystallization or if 
the reaction was carried out in situ without purification 
of la, the transformation of compound 3a to 4 preceeded te 
completion in about 4h. This suggested the involvement 
Ofvan impurity in’ the reaction yielding compound 4. 

Since [RhHC1 (DPM) ] [BPh ,] was known to be Eee 


we this species was added to 


in some preparations of la, 
Solutions “Of 3a to assess its effect on the above reaction. 
It was found however, that even when present in equimoler 
amounts this hydrido complex had no epparent effect on the 
Peacurven ace. 

Another potential impurity is the [RhC1, (CO) ,] anion, 
which is generated as the counter ion in the initial pEe— 
paration Of [Rh. (CO). (v-C1) (DPM) .]~ (see Chapter II). An 
ion exchange was then performed to Leplace this sanwon swith 


BPh, . However, if exchange is incomplete, trace amounts 
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of [Rh (C1), (CO) ,]- May be present. To test the possible 
involvement of the [RhC1, (CO) 17 anion, we treated the com- 
plex [Rhy (CO) > (u-C1) (DPM) ,] [RhC1, (CO) 4], le, with SO... 
Regardless ot solvent, the transformation of 3° tO 4 pro- 
ceeded to completion in every case within 3h. When traces 
of ic Were added 1O pure la, this reaction again occurred 
much more readily than with only pure la, suggesting the 
involvement of the [RhCl., (CO) 7 anion as a chloride trans- 
fen agente in the reaction. Tt has already been shown by 
Balch and co-workers? * that the dimer [RhC1 (CO) 4], 
abstracts Chloride anion from trans—[RhC1 (CO) (DAM) ], ee) 
give [Rh, (CO), (-C1) (DAM),]* and [RhCl,(CO),].” It is not 
unreasonable to expect therefore that a similar process is 
occurring in the transformation of 3 Ee) 4. Enetaci. a 
model of [Rho (CO) 5 (u-CO) (u-C1) (DPM) 5] [RhC1. (CO) 5], con- 
structed from data made available to us by Professor 


Balch, 142,143 


shows that the anion approaches the tricar- 
bonyl cationic species (which we assume is Structurally 
Similar to complex 3a), in such an orientation that chloride 
transfer from the anion to the cation is very feasible. We 
Delteve that the species resulting from Cl transfer by 
[RhCl,(CO),] , i.e., [RhC1(CO).] or the dimer [RhC1(CO).1,, 
then abstracts a chloride ion from another cationic 

species 3a EO FeStare the process, resulting an a net 


chloride transfer reaction. The rhodium-DPM species pro- 


duced is presumably a neutral dichlorodicarbonyl, sulfur 
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dioxide bridged species, [Rh C1, (CO), (u-S0,) (DPM) 51, which 
then Hoses CO to yield complex 4. 

It is not surprising that the relatively small species 
[RhC1, (CO) ,] is accomplishing the chloride transfer as 
Opposed to any species containing the bulky DPM ligand. Of 
course when the chloride ion is added directly to a solu— 
uiton of 3a, evaporation of this solution under a SO, 
atmosphere results in quantative conversion of Day cour 
Therefore the conversion of complex 3a into a OCCULS in tie 
presence of any chloride ion source. It is also of inter- 
est at this stage to note the differences between SO. and 
CO in these systems. In the Presence "Or a chiloride ton 
source the SO. adduct 3a is unstable, yielding complex 4, 
whereas the analogous tricarbonyl species [Rh, (CO) 5 (u-Co) - 
(u-C1) (DPM) 91 [x], X=C1” (vide infra) or [RhC1, (co) ,]~, 14? 
are stable and)/readily isolated. “Two possible reasons are 
suggested for this difference. The bridging SO., we believe 
withdraws more electron density from the metals than the 
bridging CO ligands. This favours nucleophilic Cl attack 
on the SO, adduct. Another significant difference lies in 
the orientation of the methylene carbon atoms of the DPM 
ligands. Structural studies have shown that the methylene 
groups fold towards the more bulky bridging equatorial 
group. In the carbonyl adduct this is the Cl ligand, 
Whereas in the SO. adduct the bulkieregroup 4s the SO. 


ligand. Thus, methylene orientation in the SO, adduct may 


iD 


en virkranad: Sbtxod le 

Raseis as hii sie ew 
eee oF idamesh pubis 4 : sabe prs 
“2 4 oJ wokpesee ys ne eobtornanee | 
: 6£ 30 nodaiueeos woke el teat ae a iueos © 
t sscoue r dace yf sy fanioe i seuphaen tat: 
oni % osfh BE SS sae idse ok west yon, 2 
mw <o counaoe sacs? te ae 270K or jupate 
a3, et) arate oto. sptaeory ait. af eleosntel a 
b. sotuere eatktorge dasaaw a3 te Jaunbe ge; 
; mhin LOD ¢ fay éa2980R lyeo@moias aiapeisans ond 4 a ed 
as _ 6a? gS OAs] a0 ‘peek “S04 “Loe % ‘ont. yar o 
’ 


\ 
th witiders ofdheadg owt .bebnieest -.itees bas sideds: 


woking We (gOe debybiad qAt sap maleerh Mae 40% Be? 


ot): «ace @faden. eft corel ae OTL S LOM. Bw 
J pS 25 > Oli tddeeLone “s uGve?®, 1. semeh a LEO 


ofr @ond [uitses Sib JenualDiisaes 2 J ora jJoubhe gh = 


#10 wal Te aus code chalice avy Je naib a 


“pela Sr ert) 36ae ow oven! 9 eho fa, i! rev, OPS) 
wend. yield ooo nogewos bia 
i>, ot oe Jv tin, dreesge Sule a= ; 
“ 


_ ~ p23 gete “ee A Vehbe- yor vile ME 
ee no kbheita DD: anh grog. . 


-~o 


vb 
— 
i! 


* 
a 


103 


lead to a more favourable Orientation of “the phenyl rings 
allowing easier access of the Chloride donor to the metal 
Center. 

Efforts at Characterizing the other so-called dispro- 
portionation products have met with titele success-.) Om the 


basis o£ 31 


p{+H} NMR Spectra of the products in this reac- 
tion, we find, in addition to besonances aue to 4, that at 
least three other unidentified resonances occur. The sum 
of their integrated intensities is approximately equal to 
that of complex 4. It seems therefore that the second 
product in the reaction, species D7 is Uns tablesand 26° re— 
acting further to yield the Species observed in the NMR 
experiment. This is consistent with the fact that the 
relative intensities of the bands in the Infvaredt spectra 
of the yellow product changed from Sample to sample. How- 


ever, Le was noted, that no carbonyl species was ever ob- 


served in the infrared spectra of the final yellow product. 


Reaction of [Rh 5 C1, (7 S05) (DPM) ] with CO 

ReEaceE1on Of 4 with CO, was initially believed to yield 
Ele iricarbony MN species ets- [Rh C1, (CO) 4 (u-CO) (ppm) 1 .7°9 
However further investigations have shown that this tri- 
carbonyl species is actually PED Go) coc) men eal 
Lelie Zee Sc eUMUGMies 15) Gaal acme ie electrolyte ain ace— 
tone ana dichloromethane solutions, its 345 (45) wer spec- 
trum is identical to that of the BPh , Sale whose truc= 


: 5 ; ‘ 
ture has been determined, and 1GS intrared spectrum is 
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also (similar to that of the BPh, salt. Under vacuum, a 
solid sample of 2b loses the bridging carbonyl ligand as 
indicated by its infrared spectrum, which is essentially 
identical with that of la (see Table 18). This species 
can therefore be formulated as [Rhy (CO) 5 (u-C1) (DPM) ,] [C1] 
(lb). AT SOLUCLOn (Or lb, however is a nonelectrolyte, and 
it is believed that recoordination of the Ghleride ion 
occurs such that the species present in solution is actu- 
ally ets-[RhC1 (CO) (DPM) ], (6, see Figure 15). Complex 6 
can also be obtained directly by bubbling N, Chrougn a 
solution of 2b. The infrared spectra of 6 and lb are 
markedly different and furthermore the 315 ¢1i) we SpeGCErum 
of 6 is not similar to that of the BPh , "A-frame" complex 
la. This together with the Conductivity difrerences bet= 
ween la and 6 supports our assignment of this Species as 


ets-[RhC1(CO) (DPM) ].. in addition, the antrared spectrum 


and elemental analysis of Orare essentially identical with 
those of the trans analogue 7. Our formulation of 6 as the 
Cis Species instead of the trans isomer is based on chen— 
ical differences. Complex 6 US ssOlub Lewin CH,Cl., and 
acetone whereas the trans analogue a is extremely insoluble. 
Furthermore, 6 reacts readily and reversibly with CO in 
CHoC1. to give 2b, whereas 7 does not react even after ax- 
tended periods of time. However, unambiguous assignment 
of complex 6 as the cis species must await a structural 


determination. The trans-DAM analogue, trans ~ [RhCl1 (CO) — 


(DAM) ]., has been observed to crystallize in different 
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Sues 


forms, therefore 6 may be another crystalline modi- 


Peele LOlerO fa7 

Both the cis and trans species (6 and 7, Tespeceiveiy,) 
react with SO, to yield the species [Rh (CO) 5 (u-C1) (u-So,) - 
(DPM) ,] [Cl], 3b, which is assigned this structure on the 
DastsPot its conductivity (lel electrolyte) wand 2s 
315 (45) mR Spectrum which shows only one phosphorus en- 
vironment and which is identical with that of its BPh , 
analogue 3a (vide supra). In addition, when solutions of 
6 and 7 are treated for prolonged PeELlOds kOe Gime wien S05, 


complex 4 is obtained (see Figure 15). 


Reaction of trans-[RhC1 (CO) (DPM) 1, Wien SO, _ 
The reaction of the trans species (7) reise hy SO. has 
been studied by monitoring, using infrared SPEEEROSCODY, 
the slow stepwise addition of SO,- Initially species are 
observed which contain bridging carbonyl ligands 
(Vag 1740 em). Upon completion of the reaction none of 
these species is observed; instead only the Syme tic SO.- 
bridged species 3b remains. In addition a solution con- 
Earning the sinttially formed product of the SO, heaceon 
with 7 is nonconducting for several minutes (although on 
tiewbases On "spectral, and colour changes it a¢ obvious that 
QMEece ul on siasmoccurred) saiter Wwhach tesbecomesta, 1:leelec- 
Broek The above data are consistent with terminal 


attack of SO. and sLOrnation Of Van intermediate species of 
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This species is then believed to lose Cl and to rearrange 

eOe the final product 3b, having a bridging SO, digand. 

The possibility that the carbonyl vibration at 1740 om? 

LS ecue to: the monocarbonyl species [Rh2C1, (u-CO) (DPM) 5] 

(see Chapter V), which was observed in the analogous re- 

action with CS, at intermediate times, is ruled out Since 
31 


this species is never detected in the P NMR spectra of 


this reaction. 


Site of SO” attack in [Rh (CO). (u-Cl1) (DPM) lies 

In these "A-frame" species, there are two potential 
Sites of attack, either Gizechlyeat thesenclosed Site, 
bridging the metal centres, or ata terminal, exposed posi- 
tion remote from the bridging site. It has been shown 
ChatecO attacks la terminally, forcing one of the previous- 
ly coordinated ligands into the bridging site. 27>! Like- 


wise CO appears to attack the SO, "A-frame" complex 4 


terminally since no evidence is obtained for attack at 
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thesbridgings site. «In Contract: SO, appears to attack 
complex 1 directly at the bridging site, which has been 
Shown by the structural determination of [Rh (CO). (u-C1l) - 
(DPM) .] [BF y] to be open??? (see Chapter II). SDeCLrOSscopic 
evidence supports SO, attack at the bridging site. The 
infrared spectra obtained during the slow stepwise addi- 
weekerek Pepe SO. to la displayed no bands assignable to bridging 
Carbonyl species. On the basis of the analogous reaction 
one 1 with CO and of the reaction of the trans—dichloro- 
dicarbonyl species 7 with SO. (vide supra), both of which 
occur by terminal attack, we would have anticipated observ- 
ing species with bridging CO bands in the infrared Spectra, 
if attack of SO, on 1 were also terminal. Furthermore 

even at -50°C when the reaction is monitored by Stk oa 

NMR techniques the only resonances observed are assignable 
to the symmetric species la and 3a. If attack were term- 
inal, it is anticipated that resonances assignable to an 
asymmetrical species would be observed. We believe there- 
fore that, on the basis of the above data, terminal attack 
Of with sO, can be ruled out, since no asymmetric Species 
were detected. Furthermore we feel that it is unlikely 
that a facile rearrangement is Operating since no simple 
rearrangement mechanism can be devised that would beady 
yield the symmetric bridged species 3a from terminal 
attack. The reasons for the varying modes of CO and SO 
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attack by the better t-acid (SO, ) would be favoured at the 
bridging site since in this site both Slecteron rica metals 


can donate electron density to this Ligand, 
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CHAPTER V. 


Unusual Structural and Chemical Trends Within a Series 
ee ee emicat trenas Within a Series 


of Binuclear Rhodium Carbonyl Halide Complexes 


INTRODUCTION 


The reaction of SO, with trans—[RhC1(CO) (DPM) ], (2) 
and brans-[RhC1 (CO) (DAM) ], (2) is believed to proceed 
through an intermediate of the form [Rh5C1 (CO) (SO,) (u-Cl) - 
(u-CO) (L-L) .] (L-L =DPM or pam) 7° (Chapter IV). However, 
this intermediate is short lived in the case of DPM and is 
not observed in the case of DAM, making definitive character- 
ization impossible. Since the stabilities of these inter- 
Mediates appear to change on going from DPM to DAM as the 
bridging ligand, it was felt that by Changing halides, it 
might have been Ree to isolate this intermediate, as a 
result of the increased steric bulk of the bromo and iodo 
ligands slowing the rearrangement process. Therefore the 
preparation of the previously unreported trans- dibromo and 
trans-diiodo, DPM complexes and the trans-diiodo, DAM 


complex was attempted. 


EXPERIMENTAL 


Preparation of [Rh,1(CO) (u-CO) (DPM) J [1], [Rh,Br.. (u-CO) - 
(DPM) .] and [Rh5Cl, (u-CO) (DPM) 5] 
hy pecadiiy UeL00.g of trans- [RnC1(CO) (DPM) J, eG was sus- 


pended in 15 mL of CH,Cl, and to this a five fold excess of 
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the halide salt (NaBr,KI), ina ayes volume of methanol, 
was added. After ca. 12h the solution was concentrated 
to about 15 mL then precipitated with diethyl ether and 
dried in vacuum, yielding [Rh 4X (CO) (u-CO) (DPM) ,] [x] es 
Br,I). However in solution the bromo species undergoes CO 
loss at room temperature over a period.of 24 h, or on re-— 
LEME GIG GTS fail CHCl, for 2 h yielding [RhoBr. (CO) (DPM) ,]. 
The analogous chloro complex, [Rh5C1, (u-CO) (DPM) 5] was ob- 
tained as a red-brown Species in solution on Perea ng a 
toluene suspension of vrans— [RhC1 (CO) (DPM) ], FORM nu, .Re= 
crystallization of all Species was from methylene chloride 
and diethyl ether. Typical yields were from 70 to 9032. 

P 


Elemental analyses: [Rh5Br. (u—-CO) (DPM) 5]: CoH, 4Br,0 Rh 


shee eae 
calc. C, 52.70; H, 3.81; Br, 13.7: Found Cc, 52.3; H, 3.70; 


C52Hyqtz05P4Rh,: 


calc. C, 48.62; H, 3.45: Found Cy -48.255 He So. 51a) See 


Brey 13.0: ERB GOK CO} (DPM) rie 


Table 26 for spectral data. 


Reactions with SO. and CO’ 
(a) Dicarbonyl Species 

typically 202100 fa Of [RnxX (CO) (DPM) ], or [RhX (CO) (DAM) ] , 
(Gl Br yin 5am ot CHCl, was treated with so, one, (GO) 
for 10 min, the volume was reduced under a stream of the 
reactant gas to about 7 mL and then the products were pre- 


cipitated with diethyl ether saturated with the reactant 
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gas. Yields of the expected products, [Rh. (CO) . (u-L) (u-x)- 
(DPM) 5] [X] (Cheeler SO,; X=Cl, Br, I) averaged ca. 75%. The 
Teversibmbi tvs ohthe, COL and SO, reactions were studied by 


dissolving the products of these reactions in CH Cl. and 


2 
bubbling N, through the solution for up to 48h. 


(b) Monocarbonyl Species 

Typically 200 mg of sample was dissolved in 2 Mil; cow 
CDCl. and the reactant gas introduced a bubble at a time. 
The 345 (43) noe Spectra were recorded, at -50°C. After each 
addition of gas until no significant changes were observed. 


The infrared spectra were recorded in an analogous manner 


using 200 mg of sample in 20 mL of CH,Cl.. 


DISCUSSION 


Halide Exchange Reactions 

The products of the halide exchange reactions show in- 
teresting chemical and structural trends which seem to de- 
pend on the steric bulk of the halide ligands and also on 
the crowding at the two metal centres as governed by the 
bridging DPM and DAM groups. 

THE reaction of trans —[RhC1 (CO) (DPM) ], (1), with NaBr 
Vields (iuimivevad ly [Rh Br (CO) (u-CO) (DPM) 5] [Br] (3), a species 
with bands in the infrared spectrum at 1958 and 1800 cmt, 
consistent with terminal and bridging carbonyl ligands. This 
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Shown in Figure 16, (vide infra) indicates an asymmetric 
structure. This evidence coupled with elemental analysis 


leads to the formulation of 3 as shown below 


0 Bro O 
c 


@ 
3 Slag Baer 


3 4b 


In solution complex 3 EeCOOrdinates Br and undergoes CO 
loss, over a period of several hours, co yield [Rh,Br. (u-CO) - 
(DPM) 5] (4b), which has been characterized by an X-ray 
Structure determination!*4 (see Chapter VI). The 315 c4iy 

NMR spectrum of this species is shown in Figure 16 and is 
consistent with the symmetric structure observed in the 
Solid state. All 315,453 NR peLameters (Table 26) “are an 
excellent agreement with those of the analogous species 


[Rh,X, (u-SO,) (DPM) 6 Seite ea A=solutton of 45 is 


om” 
non conducting. The analogous chlore complex, [Rh,Cl.,- 
(-CO) (DPM) J (4a) is Obtained on cerluxing a suspension 

of the trans-dichloro dicarbonyl species 1. This reaction 
a3 


has also been observed by Professor Balch and coworkers, 


although it is not clear whether the species isolated by 
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these workers is identical to the one which we observe. 

The reaction of 1 with KI yields [Rho I (CO) (u-CO) (DPM) .]- 
[i] (5), analogous to complex 3. The carbonyl bands in the 
infrared spectrum are observed at 1955 and 1810 cml and 
the 315 (45) nmr Spectrum (Figure 16) is consistent with the 
asymmetric structure proposed. Complex 5 usa 1s] electro- 
iyte in solution. Unlike complex 3 however, complex 5 is 
stable under N, in solution and does not undergo CO lose. 

The bromo DAM Species, trans—[RhBr (CO) (DAM)],, eS 
known and is probably St. UCtubally similar to Peedi en ere 
dicarbonyl DAM species yee Iodide exchange on complex 
2 yields a species which infrared Studies and elemental 
analysis andicate i's probably a mixture of the trans—diiodo- 
dicarbonyl comet aie |Re(eo) (DAM), 6 and an asymmetric 
species [Rh oT (CO) (u-CO) (DAM) .] [I] (7), which is probably 
Similar to the DPM species 5. The asymmetric species com- 
prises about 75% of the product. 

the structural trends observed in the above Senies Of 
DPM and DAM halides is therefore consistent with steric 
bulk arguments indicating that the trans CONnELgGuracion Of 
equatorial ligands, as observed in the dichloro Species 1 
and 2, and in trans-[RhBr (CO) (DAM) ],, us Ces tatu Ii zedewa tn 
bulkier halide ligands. The larger steric bulk of the 
bromo ligand, compared to the chloro ligand, does not favour 
Simultaneous coordination of both bromo and both carbonyl 


ligands in the DPM complex andthe asymMectriC, 1Onic Species 
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is formed initially. when bromide recoordination does occur 
it is accompanied by CO loss to give the monocarbonyl species 
4b. With the DPM ligand, the stable dodo Species is the 
asymmetric complex 21 again because simultaneous coordina- 
MLON OLlallewodo sand carbonyl ligands is not favoured due 
EO USteric crowding. Furthermore, the large size of I does 
not favour its recoordination andcCoO loss is not observed in 
this species. The effect of the large DAM ligand is seen in 
the dibromo DAM species which still exists ase che ebans 
complex [RhBr (CO) (DAM) ],, unlike its DPM analogue. The DAM 
ligand presumably allows more room to accommodate the larger 
bromo ligand. Even with the bulkier iodo ligand some trans- 
[RhI(CO) (DAM) ], 6 is observed together with the asymmetric 
species 7. 
REGS tTMONSr witnucO 

1) Dicarbonyl Species 

Bevis interesting that no evidence is seen for the 
Symmetric "A-frame" species 8 (X=Br,I), even though the 
Eeace1on .Of 3 and 5 With CO vand SO. yield species 9 and 10, 
respectively, which are analogous to the products obtained 
(9a,and 10a) by the reaction of Say (X= Cl) ewiths these vema bi 


27S) SN INS ul 


molecules. The p{tH} NMR Spectra sot Ehe. tricar— 


bony] (species. 9b Jand 96°(xX=Bir/i, Eespectively, (iL —.CO) eshow 
one phosphine environment and are extremely similar to 

-- 
that OL sthe chioro analogue, [Rhy (CO) 4 (u-CO) (u-C1) (DPM) 5] 


Sie) eke 


9a,whose structure has been determined. These DPM 
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tricarbonyl complexes show an interesting trend in ohig 


shifts and coupling constants (Gly Bi; O96 OPO Ges 


a x 
ppin; | Jpin-p 


Tee Ee Soy Pa Us eae respectively) < 
Purthermore, the antrared data for compounds Ja, 2b and 9c 
are all closely comparable. The complexes, trans- [Rhx(CcO)- 
(DAM) ] , (X=Cl1,Br), like their DPM chloro analogue, i show 
no reaction with CO under our conditions. Reaction of the 
mixture of iodo-DAM species 6 and 7 with CO however results 
im the asolation of a tEricarbony! Species li, which appears 
from Les anttared Spectrum, to be Been ane Oo 9b and 9c. 
An investigation of the ease of decarbonylation of 
complexes 9 shows a notable trend. The chloro complex 9a 
readily toses CO in Solution under an N, stream or in the 


Soy eth 


solid state under vacuun, the bromo species 9b on the 
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other hand does not lose CO in the solid state under vacuum 
even atter 7/2 but loses at Slowly in solution to give 
complex 3 and subsequently complex 4b. The iodo species Ic 
does not Icse CO in é6ither the solid state or ties LL LOn,. 
The DAM-iodo species ii undergoes CO loss slowly in solu- 
tion under an N, stream. On decarbonylation of the bromo 

Er ucaroony | species 2b, the complex initially produced is 
the asymmetric species Se This is consistent’ witha the 
findings of Mague and coworkers?> "91 which indicace that in 
the chlorotricarbonyl complex 7a, 1c is initially a terminal 
Carbonyl group which is lost with the bridging carbonyl ligand 
then Moving to the terminal site. Assuming the same mechan- 
ism for the bromo analogue, the intermediate Species after 


carbonyl loss would then be: 


Because of the large size of the bromo ligand it is 
this ligand which moves to the less sterically encumbered 


terminal site yielding species 3, whereas in the chloro 
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Species migration of the carbonyl ligand is favoured, pre- 
sumably for electronic reasons. 

ii) Monocarbonyl Species 

Reaction of [Rh .X5 (u-CO) (DPM) 4] (Oe eal 5 4a; X=Br, 4b) 
with excess CO results in the formation of the ELUGarpony 1 
species 9a and 9b. When slow stepwise reaction of 4b with 


3 
ttt} NMR Spectroscopy, resonances are 


CO is monitored by 
observed which are assignable to the asymmetric dicarbonyl 
Species 3 and to the tricarbonyl complex 9b. Complex Sis 
observed throughout the reaction but only in trace amounts. 
In contrast, the monocarbonyl species is found in Signifi- 
cant quantities until completion of the reaction. It seems 
thererore that CO reacts PECEeren ial with 3 compared to 
4b. 

TE Tnstead OL ereacting da with vexcess CO, the CO is 
added slowly, trans—[RhC1(CO) (DPM) ], (1) PERECIpitates from 
solution (see Figure 17). Te SObServatiog Of two products 
(1 and 9a) from slow and rapid addition, BeSPecel Vel mOE 
CO suggests the presence of an intermediate dicarbony | 
species, [Rh C1 (CO) (u-CO) (DPM) .] [C1] 3a, analogous to the 
bromo species 3. We postulate that on slow CO addition 
attack of this intermediate by Cl occurs giving complex a 
whereas in the presence of excess comaes duming apidsCO 
addition), attack by CO predominates yielding instead the 
tricarbonyl species 9a. Based On OUr Other work with re— 
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lated A-frame” species and on a consideration of 
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the electronic preference of each metal we would predict 
that Cl attack on species 3a (Figure 17) occurs at the 
metal site between the bridging and terminal Co ligands 
yielding a species as shown below, which could then rear- 


range to the trans—dichlorodicarbonyl Species (1). 


Support of this postulated interiediate comes from the 
structural determination?*> of an analogous species which 
has (MeO) JPN (Et) P (OMe) . instead of the DPM ligands and 
adopts this asymmetric geometry. Similarly if CO attacks 
species 3a between the bridging carbonyl and chloro ligand, 


as we believe it does, complex 9a is obtained by a facile 


shift of the chloro ligand into the bridging position. 


Reactions with S05 


i) Dicarbonyl BDeCies 


The 315 (+H NMR spectra of SO, adducts 10b and 10c 


are consistent with one phosphine environment in each case 


and are similar to that obtained for [Rhy (CO) 5 (u-SO5) (u-Cl)- 
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(DPM) 5] * loa (see Chapter Iv) (Cl ere i: Bai eal ore Ad boy Sed SAT 
eee ee or 206, 90s Hae Fespectively). “in 
addition the infrared Spectra of 10b and 10c are comparable 
CO tit eeoO er 10a leading to the formulation of these species 

as shown previously. Preliminary studies with trans- 

[RhxX (CO) (DAM) ] , (XS Cl br), andteate that these complexes 
react in a manner similar to rrans- [RhC1 (CO) (DPM) ], yielding 
initially [Rhy (CO) 5 (u-S05) (u-X) (DAM) 1] [x] and eventually 
undergoing CO loss yielding [Rh Xo (u-SO0,) (DAM) ,]. Similarly 
the iodo complexes 6 and 7 feacegwitk SO, to usu an so, 
adduct [Rho (CO) > (u-SO5) (u-I) (DAM) 5] [1] 12 analogous to the 
DPM complexes. 

The bromo species, [Rhy (CO) 5 (u-805) (u-Br) (DPM) 5] [Br] 
(10b), on prolonged SO, treatment, undergoes a decarbony- 
lation reaction yielding [Rh Br, (u-S0,) (DPM) 5] 13b, para- 
lleling the chemistry of the chloro analogue. 76 In con- 
trast, the iodo species 10c does not undergo this reaction 
Studies on the conversion of [Rh (CO) 5 (u-SO5) (u-C1) (DPM) .]- 
to [Rh C1, (u-S0,) (DPM) ,] indicated thet Chloride ion coor] 
dination was required before CO loss was observed (Chapter 
IV), so we assume that although Br coordination VeCCUrSs in 
l0b the increased steric bulk of the 1odo ligand prevents 
coordination of a second I. ion in 10c and therefore pre- 
Venes CO lose. 


Although SO, can be readily removed from Species 10a 
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it is not removed from complexes 10b and 10c. The bromo 
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species 10b instead undergoes CO loss in solution under an 
N, flush torvield 13b, whereas 10c loses neither CO nor 


SO... 


es) Monocarbonyl Species 

The reaction of ERE Ag t= co) (DPI )e | Os ene 4a; 
X= Br, 4b) with SO, yields as the final products [Rh,X5- 
(u-SO,) (DPM) .] (13a and 13b) and [Rhy (CO) 5 (u-SO.,) (u-x) - 
(DPM) ,] [x] (10a and 10b) for the chloro and bromo complexes, 
respectively. When these teaclions fare monitored, during 
the slow stepwise addition of SO., WEIL Z ing 345 (45) wr 
Spectroscopy, several unexpected products are observed. 
The spectra of the reaction of 4b with SO. Show the pre- 
sence of two asymmetric Species (3 and feb) and tour sym- 
metric species (4b, 9b, 10b and 13b) at different times 
during the experiment (see Figure 18). “Of these Species 
only 14b has not=been previously characterized by us. This 
Species we tentatively assign as a monocarbonylmono- 
Sultur dtexide Species, possibly having the structure shown. 
This asymmetric structure is COnsistent with tie $45 (tin 
NMR pattern observed and the infrared data which show an 
SO, Species with a terminal carbonyl ligand as one of the 
EMGs Go products. Of course, 14b is not an unreasonable 
initial product in the reaction. All auiee Species can be 
explained by facile CO transfer from this species to others 
present in solution. Although Figure 18 is not meant 
to represent unambiguously the sequence of SvVenis , wer does 


present some plausible steps in the PLOOUCTIONVOr the ob— 
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Figure 18. A Possible Reaction Sequence for the Reaction 


of [Rh Br, (u-CO) (DPM) .] with SO,. 
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served species, and in Particular offers some rationale 
for the production of di-and tricarbonyl products from a 
monocarbonyl reactant. For example, CO transfer from 14b 
to 4b would yield 3 and one of the final products, 13b. 
Ene Other final CLOCUeees me tie reaction, 10b, can be ob- 
tained by the reaction of 3 with SO,. Complex 3 can also 
react. with 14b yielding more of isbeand sine tricarbony 1 
Species 96 which can subsequently react with SO, giving 
10b. 

The analogous reaction of 4a with SO, seems to proceed 
Dy a simpler route. Again an asymmetric species io een 
tatively assigned as being analogous to the bromo Species 
14b, is observed in the NMR experiment. However only two 
Other (Species 10a and 13a are observed, Lesuleing = trom CO 
transfer from one molecule of 14a to another. There may be 
other intermediates in this reaction but none is observed. 
summary 

We have seen in these halide complexes an interesting 
structural trend which is dependent on halide size and on 
the relative dimensions of the DPM and DAM lugands..” ‘The 


chemistries of these halide species with CO and SO) also 


2 
Show interesting trends which again can De atLri buted wat 
least in part, to steric interaction between the Jagands. 
ALSO notable in this chemistry is the strong tendency to- 
ward symmetric species. Only in the two iodo species 3 and 


7, where steric bulk of the iodo ligand inhibits the chem- 


istry favoured by the other halide Species, are the asym- 
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metric species stable. Therefore the asymmetric complex 

[Rh Br (CO) (u-CO) (DPM) ,] [Br] either loses CO yielding the 
Symmetric species [Rh Br (u-CO) (DPM) 5] Or gains CO to give 
another symmetric Species [Rhy (CO) 5 (u-CO) (u-Br) (DPM) .] [Br] . 
This tendency toward Symmetric species is commonly observed 
throughout our binuclear chemistry with the DPM and DAM 
ligands (Chapter IV) but is in contrast to analogous com- 
plexes with the related methoxydiphenylazane ligand, 

(MeO) ,PN(Et)P (OMe), which show a tendency toward asymmetric 
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species. 
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the structure of [Rh Br (u-CO) (DPM) ,]: 


A Binuclear Rhodium Carbonyl Complex Having an 
Unusually Low Carbonyl Se rerccniig Hrequency 


INTRODUCTION 


The reaction of prdne—TROC TACO) (DPM) 1 Wath Napr ani 
E¥a bly elds san asymmetric species Blab Pere (le)) ine Cle)| TUNED) | 
[Br] which undergoes a rearrangement in Solution to give a 
symmetric species having an unusually low value for v(CO) 
of 1745 om + (see Chapter ee Based on spectral data, 
elemental analyses, and its chemistry with SO. this sym- 
Metric product can be equally well formulated as [RhBr- 
(u-CO) (DPM) ]., containing two "ketonic" Carbonyl ligands, 
OL as [Rh Br, (u-CO) (DPM) 1, having one carbonyl ligand and 
@ formal Rh-Rh “bond: ~ The low value’ Gf the carbonyl vibra- 
tion is consistent with a "ketonic" carbonyl formulation, 
being comparable to the value observed in [Pd,C1. (u-CO) - 
(DAM) ,1°* and [Rh C1, (u-CO) (u-DMA) (DPM) 1° which contain 
"ketonic" carbonyl ligands and the $45 4a} nm is very 
Similar to other symmetric dirhodium Species which have no 


PeUise sy PurthermMore, 1S reaction 


metal-metal bond. 
with SO. veeclcs the dicaroony! species [Rhy (CO), (u-So.) - 
(u-Br) (DPM) ,] [Br] as One OF the final’ products. However, 
this data can also be interpreted in terms Of a monocar— 
bonyl formulation. The analogous SO,-bridged compound?® 
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[RhjC1, (u-SO) (DPM) ,] (Chapter IV), has a low value for 


ze er 
1>{+H} NMR parameters very similar to those 


v(SO) and has 
in the present Carbonyl compound, although it has a formal 
Rh-Rh bond. In addition, the Lermalion of a dicarbonyl 
product in the reaction with SO, can be explained by Co 
transfer from one molecule to another (see Chapter V) since 
a carbonyl-free species, [Rh Br, (u-SO0,) (DPM) .] is false 
observed. 
The structure determination was therefore undertaken 


PiPOrader (to unambiguously establish the mode of Garbony 1 


bonding. 


EXPERIMENTAL 


Crystallization or [Rh > Br, (u-CO) (DPM) ,) 

A (50 mg) sample of [Rho Br, (u-CO) | (DPM) 5] (x= 172) 
prepared as described in Chapter V, was dissolved in 3 mL 
of CHCl. from which well formed crystals were obtained by 
Slow diethyl ether diffusion. The crystals were analyzed 


spectrally as either [Rh Bry (u-CO) (DPM) 5] oy [Rh Br, (u-CO) 5- 


(DPM) 5]. 


Data Collection 

A clear red plate of the title tomplex was mounted on 
a Glass fibre. Preliminary film ata showed that the crys- 
tal belonged to the monoclinic system with extinctions 
(NOt ete odd= OKO) jkoodd) characteristi clot the centrosym- 


Metric space Group P2,/n, a non standard’ Setting of P2,/c. 
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Data collection was as previously described in Chapter II 


and pertinent crystal and intensity collection data are pre- 


sented in Table 27. 


Structure Solution and Refinement 

The positions of the Rh, Br and P atoms were obtained 
by direct methods using muLTan.+48 The remaining atoms 
were located from subsequent least-squares refinements and 
electron density difference Maps. Anomalous dispersion 
terms for Rh, Br and p08 were included in Sa All carbon 
atoms of the phenyl rings were refined as rigid groups 
having Dew Symmetry and C-C distance of 1.392 A. The hy- 
drogen atoms were included as fixed contributions and were 
not refined. All non group atoms were refined individually 
with anisotropic thermal parameters (See Chapter IT for a 
more detailed discussion). 

The final model with 205 parameters varied converged 
to R=0.045 and R= 0.055. In the final electron density 
difference map the highest 20 peaks were in the vicinities 
of either the phenyl groups or the Rh and Br atoms (0.45 - 


° 
ip bay) ee A typical carbon atom on earlier syntheses 


° 
had an electron density of about 3 Salen e 


Results 

The positional and thermal parameters for the indivi- 
dual anisotropic atoms, rigid group atoms and idealized 
hydrogen parameters are given in Tables 28, 29 and 30 


respectively. Least-squares plane calculations are pre- 


hankeode sibw ere > a a er ye anbisinog e 

aaois palate aa? eee aides phie nae: b a 
| “3 26e1 2dugeion arts nasannl Aan 

code soteted ee yt Lanek . doe 7 is 
seine hee by th ak 208. 
utp Bieis Be dacs SIs apart 1 prone ant ae 
A Scb.d So Sieh Se 7 3G6 Cyr OMIN® ag 4 par 


al - 


Boas notitieni te SS Les 
selziegely sponse 00% 
atest LAR - sD iz Bolero 


4 


in an 
yoy fale sage iudszs ace Gari? es ieiulord stew egogs of 
: . . . ; 


i text aa ecr7s AvoOTe wx Li A - ives Jax 20m 
a | 

& cov 2h fetqerts e98@) Sielceeage i jase? Se aie Rit | 

tye tagueath Bei léjeb erent 


Salat iack: onT 


Ayjtweuras fo2te7 ste asmssaa, | % 4G 
: i) 


is 2h at a Gs te ons oO. 0 = 4.8; 
“ es | oe | 

i r 

af aa . 


et 76 etoug byoedy wt setts to. 


yo fetal sonspotfs: Laat 


2,29 tubes 2f3) th aise shes © saat & Gt qa so 


~@?. 0) omese 26 OAn. Di 


¢*>. ae 
sol i¢e> AO uote ateieda be egg, A fl avo 28,0. 


le | R “vi is ay r= 


$ i 
ins Sek geitdn. Oo Veleeok ocsels were 


a e. 
AD a 
«tvion? 34 :07°¢.0Setteqgineset? One kakigk? tog oat 


7 boa aye fran “eis n rg, tigi ieae 3 = sc 
HE rity 6 a oo niile-9t agri 438 armen 0 


Sam, i eo eed tie 


r eee re a oe 


Table. 727 . 


£or [Rh5Br, (4-CO) (DPM) 5] 


Compound 
Formula 


Formula Weight 
Cell Parameters 


ISS] <<] yes) fe) (or fon 


Density 


Space Group 


Crystal Dimensions 
Czystaly Volume 
Crystal Faces 

distances from an 


ett ta Gy origin 
Within the crystal 


Temperature 


Radiation 


u 


Range in Absorption 
COrrection Factors 


Receiving Aperture 


pilinaiy Of “Crystal Data and intensity Collection 


[Rh,Br., (i.-CO) (DPM) 2] 


C5 Hy gBF50,P,Rh, 


T6264 ama 


20 42008 
Wie OS) 
18.865 (2) 
1005275409 
450007 2 
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setting of P2,/C) 
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Table 27, continued 


Takeoff Angle 

Scan Speed 

Scan Range 

Background Counting 
Time 

20° Pamits 


28 units for centred 
reflections 


Final number of 
variables 


Unique Data Collected 
Unique Data Used 

(PS > 30(F2)) 

BELO? in Observation 
of unit weight 


R 


R 
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ge 


Sle 
2° in 26/min 


1.00° below Kaj to 
1.00° above Ka9 


10s (3<29<45°) 
20s (45°<26<96°) 
40s (96%28<120°) 
3°<26<120° 
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sented in Table 31 and selected bond length and angles are 

Shown in Tables 32 and 33, respectively. A listing of 

observed and calculated structure amplitudes is available.~~" 
A stereoview of the unit cell of [Rh.Br. (u-CO) (DPM) 


is shown in Figure 19. The crystallographic a axis is 


2] 


horizontal to the right, the ec axis runs from the bottom 
to the top and the 5 axis goes into the page. Figure 20 
presents a perspective view of the compound including the 
numbering scheme, 50% thermal ellipsoids are drawn. The 
inner coordination Sphere is shown in Figure 21 along with 
some relevant bond lengths, 503 thermal ellipsoids are 


drawn. 
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Table 33. Selected Angles (deg) in [Rho Br, (u-CO)(DPM).] 
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Figure 20. A Perspective View of [Rho Br, (u-CO) (DPM) 51. 
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Figure Zi. The Inner Coordination Sphere of [Rh,Br (u-CO) (DPM) .]. 
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DESCRIPTION OF STRUCTURE 
en RULE LUA 


The coordination about each rhodium atom is quasi- 
trigonal bipyramidal. ‘Two transoid DPM ligands bridge the 
Rh atoms in the axial positions with the bridging carbonyl 
ligand, a terminal bromo ligand on each Rh atom and a for- 
mal Rh-Rh bond completing coordination in the equatorial 
plane. The resulting distorted "A-frame" geometry is sim- 
ilar to that observed in [Rh C1, (u-S0.,) (DPM) 17° (Chapter 
iV fheldisloreivens in tie (ners geometry arise due 
to steric interactions between the terminal eatin) iGgandas 
and the phenyl Pifigs eo: the DPM iiqandcs( Table 32) and beesuce 
of the presence of a metal-metal bond, both resulting in a 
ELleattening of the "A" configuration. Angles about each Rh 
atom in the equatorial plane Clearly show the distortions 
from trigonal bipyramidal coordination (Rh-Rh-Br, Rh-Rh-C(1l), 
and Br-Rh-C (1); PGT 20604 ee es) ( esand 147262) °|) respect— 
Tiel 

TNeSRn=Br distances of 2.48111) and Fs VAG are not 
unusual and compare well with other determinations, 1497150 
Within the Rh-DPM framework most parameters are as expected. 
The Rh-P distances (average Des ianin vat and the P-C distan- 
ces both methylene and phenyl (average, 1.833(7) and 
1832 (ain. respectively) compare well with other determin- 


35,89,96,120 ,126,142 Tne RiP Veceors sas  Vvicwed 


ations. 
GOW the Bn=Rivaxis are Slightly staggered (see P=Rh-RhoP 


torsion angles in Table 33 and least-squares planes in 
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fable 31). This Skewing of the Rh-DPM framework results in 
phenyl rings 3 and 6 being forced into the Open coordina- 
tion site opposite the carbonyl ligand giving rise to close 
contacts between Rh and the ortho hydrogen atoms (2.65 and 
2.81A). An almost identical skewing was observed in the 
)76 


chloro/so, analogue, [Rh5Cl, (u-so,) (D M), (Chapter IV). 


The Rh-P-C angles with the exceptions of those for rings 


4 and 5 are close to the expected tetrahedral values. In 
contrast, the Rh-P-C angles involving ring 4 and 5 
(121.8(2)° and 123.1(2)°, respectively) are significantly 
larger than the expected tetrahedral values. These dis-— 
tortions seem to arise from steric interactions between the 
bromo ligand and the phenyl rings, as evidenced by the short 
Br-H distances involving these rings (Ref) —21(S6).= 3° 15 A 
and ajo Bia 75 a} which are less than the sums of 


the van der Waal's radii.+!¢ In the structure of [Rh5Cl - 


2 
(u-S0,) (DPM) 17° where the bromo ligand is replaced by the 
less bulky chloro ligand these distortions are somewhat 
less pronounced, with a maximum value for the Rh-P-C angle 
of 118.9(2)°. The bromo ligands in the present compound, 
are staggered with respect to the DPM phenyl groups, in 
order to minimize nonbonded contacts between these groups. 
This staggering is evident in the phenyl-P-Rh-Br torsion 
angles which range from 40.7(3)° to 80.0(2)° (Table Si5) ie 


Formally the present compound contains a Rh-Rh Single 


bond as suggested by several structural parameters: 
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i) the Rh-Rh distance of 2.7566(9)A falls within the range 
previously reported for similar Rh-Rh bond species 
(2.617(3) - 2.8415 (7)A) 27271297133 and can be contrasted to 
head stenees $06 0351520-(8)) and .3n35544)a .auseeeea tne 
"A-frame" species [Rhy (CO) 5 (u-Cl) (DPM) 517 (Chapter II) and 
[Rh (CO). (u-S) (DPM), °? respectively, where no formal 
metal-metal bond is present; ii) the Rh-C-Rh bond angle of 
89.4(4)° compares well with other determinations in which 
a carbonyl ligand bridges a metal-metal ponds yao 
and is significantly smaller than the values of Lists) 2 
106(3)° and 116.4(6)° observed in [Pd,Cl,(u-CO) (DPM) 5], 


4] 42 


[Pt,Cl. (u-CO) (DPM) and RhoCcl, (u-CO) (u-DMA) (DPM) 


mt silts 
respectively, where no metal-metal bond is Present; 4331) the 
Rh-Rh separation is Significantly less than the P-.-p 
intraligand separationsof 3.026(3) and 2.992(3)A as is 
usually observed in these systems when a Rh-Rh bond is 
present.>> 

Although the above parameters Suggest a direct metal- 
metal bond, this formulation is by no means unambiguous. 
Recent molecular orbital calculations??+ on carbonyl 
bridged species with short metal-metal distances have shown 
that in some cases no metal-metal bond is actually present 
even though the structural parameters suggest otherwise. 
Furthermore, these calculations have been substantiated by 
experimental differential electron density determinations?>? 


on the compounds in question showing no significant build- 


up of electron density along the metal-metal axis. 
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The carbonyl ligand bridges the two Rh atoms symmetric- 
ally as evidenced by the Rh-c distances of 1.958(8) and 
1.961(8)A. These distances are Significantly shorter than 
those observed in other Rh Systems containing bridging 
Carbonyl ligands where the values of 22104(7)° and 2.034(7)A, 
observed in [Rh (CO) 5 (u-CO) (u-C1) (DPM) ,] [BPh,], 7° are more 
typical. Instead, the observed distances are comparable 
tolthe values’ of 1.90'(6) and 1.97(9) A obtained in the pal 
and ptt analogues [M>C1, (u-CO) (DAM) 5], (M=Pd,Pt) and 
that of 1.974(7) observed in [Rh C1, (u-CO) (u-DMA) (DPM) ,] .4 
It is notable that these distances correspond to "ketonic" 
carbonyl species which show low values for v(CO) in the 
infrared spectrum similar to that observed for the present 
compound. It is also relevant that the analogous SO. 
species [Rh C1, (u-SO,) (DPM) 5] has short Rh-S bonds and a 
low value for v(SO) in the infrared Spectrum (Chapter IV). 

In the title compound the C(1)-0O distance is not as 
long as one might expect based on the low v(CO), but rather 
is comparable to that observed in "normal" bridging car- 
bonyls which have v (CO) ie 100 om + higher. However, 
carbonyl C-O distances are not overly sensitive to such 
changes owing to the relatively large uncertainty in the 
atomic positions. Therefore the present distance 1S 
within experimental error, comparable to the analogous 
distances in the "ketonic" carbonyl species of [RhjCl - 


2 
42 cy: ; 
(u-CO) (u-DMA) (DPM) ] and [Pd,C1, (u-CO) (DPM) 5] where the 


v(CO) values of 1700 and 1720 om + respectively are ob- 
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served. Applying a riding motion correction the present 

C(1)-O distance (atom 0 riding on. C{ Lye yields a corrected 
° 

Value* or 1V192(9)A which is closer +o the vaiue wevhad ex- 


pected based on spectral parameters. 
DISCUSSION 


The structural determination of [Rho Bro (u-CO) (DPM) 5] 
has Unambiguously established 7 ¢ be a monocarbonyl spe- 
eres having a formal Rh=Ph bond and not the alternate di-— 
carbonyl species. The spectral parameters are consistent 
with both formulations (mono and dicarbonyl species), but 
the reaction of the compound with SO., yYtelding va di car— 
DOMy Ie predict, at firs: glance actually favours the dicar- 
bonyl formulation. Prompted by the presens structural 
Characterization however, a reinvestigation of the ea 
NMR. Spectra during the slow stepwise addition of SO. indi- 
cates the dicarbonyl species results from CO transfer from 
one monocarbonyl species to another (see Chepter V7), A 
somewhat analogous, facile CO transfer has been Levert 


39a), 9 1 


ed ie 


between [Rhy (CO) 5 (u-C1) (DPM) , and [Rh, (CO) .- 
(u-CO) (u-C1) (DPM)]”. These results clearly indicate the 
need for further structural and spectral characterizations 
of related compléxes in order to yield the needed corre- 
lations’ between their Structural and spectral parameters. 

The complex, [Rho Bry (-CO) (DPM) 5] is only the second 
145 


structurally characterized example with rhodium in 


which a carbonyl ligand occupies the Drag ing.sice- a7 
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preference to the halide ligand. Generally the reverse is 


eee) ce yet im -binueclear ppm-, #27125 32,41 


DAM- and analo- 
gous diphosphazane-bridgeat*® complexes of the Group VIII 
metals several complexes have now been characterized with 
bridging CO and terminal halide ligands. “The closelytre— 
lated, SO. bridged species, [Rh5C1, (u-SO,) (DPM) 5] ishaiss 
anomalous in this regard having bridging SO, and terminal 
chloro groups (Chapter IV). It seems that in these com- 
plexes there is a strong tendency for the better 7- 
acceptor ligand to enter the bridging site, even when ini- 
tial attack by this ligand is terminal. In the bridging 
site the i—-acceptor ligand Gan accept electron density 
from both electron rich metals, which in the present com- 
plex would account for the low value of v(CO) and the short 
rhodium carbonyl distances. In addition the build-up of 
electron density on the carbonyl ligand, resulting from 
the large degree of back donation from the metal is also 
reflected in the low field chemical shift (227.5 ppm) of 
the —c carbonyl resonance. The trend in spectral para- 
meters with increasing metal carbonyl back bonding is seen 
clearly in the series of closely related complexes [Rh,- 
(CO) , (u-CO) (u-C1) (DPM),]", [RhI (CO) (u-CO) (DPM),] [I] ana 
[Rh5Br. (u-CO) (DPM) ,], where the observed Oo chemical 
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respectively) .1°° In contrast however, the "ketonic" car- 


bonyl complexes, [Rh 4X, (u-CO) (u-acetylene) (DPM) 5] (X=Cl, 
Br,I), which have even lower values of v(CO) of ea. 1700 
em have celativeiy nigh field 23 spaces ed. 190 


42 
ppm. 


Tt is unclear at this time why the"ketonic"car- 
bonyl species have such different = chemical shifts from 
the present compound when the carbonyl stretching frequen- 
cies are comparable, but it is clear that the use of spec- 
tral parameters to assign the mode of carbonyl bonding is 


fraught with difficulties, at least until more complete 


spectral and structural correlations are available. 
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CHAPTER VII. 


Carbon Disulfide Chemistry and the 


the Structure of [Rh5Cl (ala) (eee ) (DPM) 5] 


2 2—4 


INTRODUCTION 


Much of the recent interest in carbon disulfide chem- 
istry stems from the close Similarity of this molecule to 
the less reactive carbon dioxide molecule. Few species, 


however containing either of these ligands have been struc- 


45-47,156-160 


turally characterized. For the CS, molecule, 


the commonest coordination mode, and one of the bonding 
modes also observed for the analogous co. molecule, +°° has 
the CS, molecule bound to the metal in a side-on manner, 


through the carbon atom and one of the sulfur atoms (see 


ee ee 


For rhodium and iridium several CS. containing complex- 


48,161 


es have been prepared but until recently none had 


been structurally characterized, 1° In several of these 
complexes the c,S-n* bonding mode of the CS. molecules had 
been inferred based on analogies with other transition 


Bo BU even though the C-S stretching fre- 


metal complexes 
quencies observed were typically ea. 100 cmt lower than 
those observed in structurally confirmed complexes. These 


low values of v(CS) suggest that the CS, molecule may adopt 


2 
another coordination geometry in these rhodium and iridium 


complexes. One possibility which must be considered in- 
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volves the condensation of the CS, molecules. Certainly 
rhodium has previously displayed a tendency of condensing 


sulfur containing ligands, for example in [RhC1(PPh 
163 


a2 
(PhCONCS) . J and [RhC1 (PPh). (C,H,OCONCS) ,],7°* where two 
molecules of PhCONCS and three molecules of C5H-OCONCS, 
respectively, are condensed at the metal centres. Signifi- 
cantly, “one: of the few structurally characterized "CO, 
complexes" actually contains a C50, fragment resulting 

from the condensation of two CO. molecules. >° The CoO 
stretching frequencies for this species are 25-75 cm + 

lower than those ina byeicale,O= | ahondienacream O° Further- 
more, while this work was in progress the structural deter- 
Mination of [Rh (C,S,) (n?-C,H.) (PMe,) 116? indicated that the 
C58, fragment was bound in an analogous manner to the above 
C,0, mOLety and again the values of v(CS) for this species 
were low. 

In view of the obvious lack of structural information 
available on CS. complexes, the present study was undertaken 
in order to form a much needed basis for Spectral and 
structural correlations in these complexes and to gain a 
better understanding Of transition métal activation of CS, 


and related molecules. 
EXPERIMENTAL 


All reactions were performed under a dinitrogen atmos- 


phere using degassed solvents. 
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Preparation of Eee t 5 (coc) s)) (DPM) 

A suspension of 0.200 g (0.182 mmol) of trans- 
[RhC1 (co) (ppm) ],°° (1) mn 25 Sal or CH,Cl, was treated with 
LOv min Of CS, and allowed to react for 24h. To the result- 
Mng) reduselutionywas added 25 mu of diethyl ether to induce 
ectystallivation. — This complex may also be prepared ina 


Manner analogous to that shown above, from the reaction of 


cS. with IRh>C1, (u-CO) (DPM), . 


Spectroscopic Studies 


A solution was prepared by dissolving O2100"q (0.072 


mmol) of [RhoC1, (u-CO) (DPM), ] (2) =ine 4 mieot CD Cl an a 


2p rag 
10 mm NMR tube. The 31515} wwe Spectrum was recorded at 


233K. Subsequent 315 (453 nmr Spectra were then recorded 


Bueimene (seven ih. 5, Wh (goes mnol) addition Of sCS. Until all o= 


2 
2 had been converted to [Rh C15 (CO) (C584) (DPM) 5] COS abe 
addition to resonances assignable to 2 (6=19.7 ppm: 
it x eee 108 5 OEP ome ete 
[eeejae rss STepeecrss l= ede Shitty) and 3 (6=7.5 ppm; AA'BB'xy 


multiplet), two additional resonances due to symmetric 
Species at 6=15.7 ppm (ree een ee alicee Hz) and 
6=14.3 ppm Get eae ane rect ne Hz) were also observed 
at intermediate times in the reaction. Similarly the 
#304345 ¢153} woe Spectra were monitored using exactly the 
Same technique and starting with [Rh C1, (u-" 7c) (DPM) 4). 
Carbonyl resonances assignable to 2 (6 = 229.0 ppm; jeranh okey 


all = 44.9 Hz), 3 (6=191.5 ppm; doublet; Hepa 


69-1 4) "and a third species (6 186.5 ppm; doublet; 
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erect = coes Hz) were observed. 
Infrared spectra were obtained in an analogous manner, 
by recording the solution spectrum after each stepwise 


edaition of 7 Wh (O.21o mmol) of CS. to a cH Cl solution of 


Z Zeer. 


Ce \0- 500) 0,8 0455 mmol) ane 30 mi)". Unfortunately the CS. 


streteching region was obscured by DPM and free CS. bands. 


In the bridging carbonyl region only one band was observed, 
which was assignable to 2 (WAKCO)) SAL G6 aan) in? addveion, 
two vibrations were observed in the terminal carbonyl 
region; the one at 2030 cm? increased in een ee through- 
out the experiment and was assigned to species 3, and the 


second at 1990 ote was observed at intermediate times in 


the experiment. 


CryscalizartvonsoL [Rh,C1., (CO) (C C,S,) (DPM) , alt 


LTO essolimrien of 0.100 gq (0.07938 mmol) of 3 riay dO eins 
of CHoCl. was added 2 mb of CS, and, 7 minor "diethy! ether. 
Crystallization was induced from this solution by slow 
cooling, yielding red crystals. An infrared spectrum 
(VCO) =2040(sh), 2020(s)em ~» y(c-s) =1050(m), 995(sh), 


DEO yeenm ewer etece hee ve ae Species oF 


AsRay Data Collection 


Red crystals of [Rh,Cl (CO) (C5S,) (DPM) 5] were mounted 


2 
in glass capillaries. Preliminary film data showed that 
these crystals were of only mediocre quality, however re- 


peated attempts to obtain crystals of better quality failed. 
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The structural investigation was therefore continued on the 
Original crystals. These crystals belong to the monoclinic 
system with extinctions (hO2, 2 odd; OkO, k odd) character- 
istic of the centrosymmetric Space group P2,/c. The density 
Calculation, and the cell parameters, indicated that Z=8, 
revealing that two independent dimers per asymmetric unit 
were Present. Therefore, a cell reduction~?2 was performed 
to rule out the possibility that the crystals might belong 
CO a system Of higher symmetry. The cell reduction confir- 
med the P2,/c Cell tas the reducedscell and the solution of 
the "structure Verified this, showing that the two independ- 
ent dimers in the asymmetric unit have SHign tabu sicgnaci— 
cant differences in their geometries (vide imtray. 

Data collection was carried out as previously described 
in Chapter Il. Pertinent crystal and intensity collection 
dala are presented in Table 349 Data collection was Ssus— 
pended at 20=100°, owang to the lack of diffracted inten- 
Sity beyond this point; During data collection a clear 
colorless liquid was observed Condensing en the! inside of 
the capillary. However, by the time data collection had 
finished this liquid had disappeared (presumably through 
avoinhe le in’ the (cepa llary ) so nO identiercation of thie 


PiGgiidswasmoOss ioe. 


SOLUELOMOr eoruueture 
Since species 3 crystallized with two independent 


dimers per asymmetric unit, and therefore has four inde- 


cit we aah 
o jannik a . oy 
ee a a ; bith AR 
Ce Nasa pie eg 
iw) Sods ree, 
‘pid aiaaanryas 2% rea 
sie ene aie ee Re srameenes 
paleo tle neyo Sh BRE naa ee, 
hoy! 2 oeiex Siae-one sptancage tatett 30 ~ rer 
4 wierusoe ea” Pehla Bayes: “im abi 
eT ee ee side paltexby 
svVidokis andiegetybse vi) SAD SE etqmengew ata ce p> 
(sear Ane. ae egerole ¥ieas, ah scan aria 


vee 


‘adhe ylewsiyele Sy aie Sakae ony nokssgifcs ase 

<p hatinl? ciiveapiat nA. Seceye fossa sitet VT ssdqort 

pe tov eu lisulise O88% .-« or. fee? al’ bataeassy ar 
int hetyeatleb Wo anes afirad ehkee *HOl = a8 da Dain 

, @ gel toetion pate ebro Ondo abds bse Sn 

Stock oho te oeSeelbnes, serenade) iw iyupeL. esstiotés 0 

! aodteetian seat) Ga se ad, . aves yieliiqed. 

P-cwed? plcded een) L oarguekts ee Stop? ! elaz bere 
Sijwel etopel ot om) feed Tages, 203 nt, oe {ae 

pPestannnette ore 


oe 
mt a 


- 7 abe 
A353 AW WAS ee- 
- “a eS 


ssncpebanneel nephevonp hilo 
Wibic ae NAR Sire ao te 


oe 
wee 7 
' " 


- - 
| | ’ 
- - Ms ay Woe 


USI) 


Table 34. Summary of Crystal Data and intensity Collection 


fos [Rh C14 (CO) (C284) (DPM) 5] 


Compound 
Formula 


Formula Weight 
Cell Parameters 


Naw @ oo 


Density 


Space Group 
Crystal Dimensions 
Crystal Volume 
Crystal Faces (and 
distances from an 


arbitrary Origin within 
the enys tad. (mm)’) 


Temperature 


Radiation 


U 


Range in Absorption 
Correction Factors 


Receiving Aperture 


[RhoC1, (CO) (C>S,) (DPM) ,] 
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Table 34, continued 


Takeoff Angle 

Scan Speed 

Scan Range 

Background Counting 
Time 

20) Jamies 


29 limits for centered 
reflections 


Final number of 
Variables 


Unique Data Collected 
Unique Data Used 

(FS > 30(F*)) 

EETOE in Observation 
GE wini ea weisqhe 
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R 
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Snes 
2° in Z2eymain 


S00) “bellows ii eo 
1.00° above Kg? 


OSE 2720.80 >) 
20S 5(802<29- 1007) 
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90°%<20<60° 
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pendent rhodium atoms, structure Solution was initially 
attempted using the direct methods program muLtan. 148 
HOWeVeEr, GLiLonts ab solving the structure using MULTAN failed 
after repeated attempts, using between 500 and 700 reflec- 
tions having the highest E's and generating between 2000 

to 5000 unique phase relationships. In all solutions Gen— 
erated by MULTAN the same molecular OfVentations (for Rh 
and P) kept recurring, only with different relative posi- 
EVOnS of “thé dimers. “This problem (of finding the molecular 
framework but failing to fix the Orrgi a) as not uncommon 
with MULTAN and is not unexpected given that in this struc- 
ture we were attempting to push MULTAN far beyond its re- 
commended limits) Lt is generally recommended to use about 
seven phase relationships per reflection and seven reflec- 
tions per atom, whereas we were using ak Maximum 5,39 Ge= 
flections per atom and generating. iil sphase re latvonshilps 
per reflection. In addition, structures that require more 
than 500 “reflections are generally toe difficult for MULTAN 


POMSOLVe. 


Our previous experience with these systems suggested 
that the Patterson map would be extremely ditevenidt io 
interpret owing to vector build-up, especially considering 
that two molecules per asymmetric unit were PLesent. Shie 
Suspicion was confirmed by the calculated Pacteerson mam, 
which showed severe Rh-Rh and Rh-P vector bugla—o. ste 
Lop weighted vector; for examples ak (0.44. Oo ON Oe 4) ayes 


equal to approximately eleven times a Singly weighted Rh-Rh 
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vector. As a result of this vector build-up in the Pat- 
terson map even using the Rh-P frameworks found in MULTAN, 
again the origin could not be uniquely defined. Therefore, 
One Of the dimers, obtained from MULTAN, was arbitrarily 
chosen and its Rh-P framework was shifted to all possible 
positions consistent with the Patterson map, maintaining 
the orientation given by MULTAN. Subsequent full matrix 
least-squares and electron density difference Maps On each 
possible solution established that the solution having 
BOCA pae en (04s, 0a) 4a 0 2): and pee) ele (OS TS © 0 (oho 
was considerably better than the others. in thas solution, 
including the four associated P acomsy, (— 0-49 tana 

BORG eam compared to values of near 0.53 and 0.63 for 

R and Ros respectively, for other solutions. fu ehermore, 
with this solution the Rh-pP framework of the second dimer 
was observed at a position consistent with the Patterson 
map (other possible solutions did not yield this framework) . 
The remaining atoms were located from subsequent least- 
squares calculations and electron density difference maps. 
Anomalous dispersion emecl® £Obe Rite, Gl and Siwere. ane 
cluded in Foe The phenyl carbon atoms were refined as 
rigid groups and hydrogen atoms were included as) Lixed 
contributions and not refined. All other nongroup atoms 
except hydrogens were refined with ISOErOpic thermal para- 
meters. An anisotropic refinement of, at least the heavy 


atoms (Rh, Cl, S and P), would have been appropriate on the 
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basis of the residual electron density observed around 
these atoms (range -3.11 to sel ayy However, this was 
not attempted due to the extremely high cost associated 
with refining these atoms anisotropically. 

ALS chs polmesanweLectron density difference map re- 
vealed the presence of an unresolved tunnel of electron den- 
Sity in the area enclosed by, the phenyl) ring of PAA) eae) 
PUBZ), and) P(B4) 2 Attempts) to £it thas’ area to CS., CHCl, 
or (C5H.) 50 molecules were unsuccessful, however. Unreason- 
able geometries and thermal parameters resulted and no sig- 
nificant improvement in the crystallographic residuals was 
observed. The poorly resolved nature of this elecEron 
density probably results in part from the loss in solvent 
of crystallization which was observed during data collec- 
tion (vide supra) and explains the Poctidittraction quality 
Of the crystals and the slight decrease in intensities of 
the standard reflections during data collection. 

The final model with 337 parameters varied converged 
to R=0.114 and Ro = Oeil" At this point an electron 
density difference map showed the highest 20 peaks (2.69 - 
ie ee WeEle 1m the Vicindties of the heavy atoms and 


the tunnel of elleéctron density. A typical carbon atom of 


8) 
an earlier syntheses Nad an electron density of @.26/A—. 


Results 
The positional and thermal parameters for the individ- 


lal asotropirc atoms, Ligid group atoms and idealized hydro- 


ar cep. st oe aendy Part 
agal arias le ca Sen he 
save (se) Io. goes tye wi at ranches 
ee es Men 5th ‘0. eens 


Raa nips -- Ba eae. , ot so ncnindle PY ena 


ere ft bees $y ieeapon vet aeRO ae 
petioule sia to olen Cagipesree i 
ae a> seek soa oad Feng aheaiiigage yktiadorg 
win Oth’ enbzok Sei Se ve nctansi Lkereigns: 
» nodiret’s 4576, ou de Gaede (avque obsv) 
want ot @aestel steiie eae bes bind ays ot” ns 
fsetios ee _iolems aeaasios wiebaste oft 
ytedios Satay esata) Fee Sire Loto rant? out ; - 
cntuate am sotay tat it eed ae bee Be | 
2.0) aay 2° Seedeiy oe Bevel .gan wonyaatt.th ah 
wpa 802 26 enarkabedy ote An evow Cave ta 
te s nogtteo stvidgyt A) grin seasons Ze sdiaiead one 
Cie ao PO | 20 priate pe Bi eee eR 4 Stes 16 


7 


eval Gees ASSAM IMD 


7. 
_ 


BY ns 1b ce 


J 


160 


gen atoms are given in Tables Be SO wand 37 7, respectively. 
Least squares plane calculations are Presented an Table 3a 
and selected bond lengths and angles are shown in Tables 
39 and 40, respectively. A listing of observed and calcu- 
lated structure amplitudes is available.+1° 

A stereoview of both dimers is shown ley Natige pice OY) » 
Figuces23.shows a perspective view of dimers A and B. 
Phenyl carbon atoms are labelled Sequentially around the 
ring starting at the carbon bound to phosphorus. The equa- 
torial planes for [Rh5C1, (CO) (C584) (DPM) 5] Peeters nine} 


Figure 24 and include relevant bond lengths. 
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Table 592 Saleceea stances *(Ol an [RhjC1, (CO) (C,8,) (DPM) 5] 


Bond Distance 


Dimer A Dimer B 
Rh(1) - Rh(2) Py.6 (SALIO) (C3) Phe SONS) (33) 
Rh(1) - C2(1) Py AQT (U5) Die SAG) 
Rh 02) = Cit) 207/208) 22 SAIS) (185) 
Rh(1) - P(1) Be Sys (C7) Fh SING (C7) 
RbeC2)) eee) Le SSIS) {(9))) Ph, SYS, (483) 
Rh (Uy) Pe 3)) I46, Bi(s) 7} (C83) Ph SANS) CG 
Rh(2) - P(4) 22 3416) (8) Beil, (7) 
Rh(1) - S(1) Bs Shay, ((7/)) 2, SENG) Y) 
Ri Ui) C05) dg te) (CB) ABs (2) - 
Rh (2) - S(4) Pe, SRS (CF) Bo BMA) 
Rh(2) - C(1) WS (C2) LoO7 (3) 
S(L) > = C4) Gin (e2)) ho #3 (2) 
S(2) - ¢C(4) Wass; ((B)) ome (3) 
Se) — C4) io YS) (2) hogs (SB) 
S(s)8e— CXS) Mn HE (2) dle Hb (C2) 
S(4) - c(5) Gyre} (133) LeGS (2) 
(ib) - O(1) Lois (2) le OPeneS)) 
(aL) = (02) atts, (2) 1s 8G (2) 
Pi) (2) Loa Be (2) eo One) 
P(3) —t Cu (S)) Ie Sy (23) ths His (3) 
PC) Ss CS) Mi tee 12) se (33) 
P(1) = (ci) thes! (Gh) Lo BA (iy) 
P(1) - €(21) a sissy {Ci1)) Ne ss (ab) 
PZ) =" (31) Ne tsel (il) It) (ah) 
P(2) - C(41) We tl (2b) Th ts. (2B) 
P(3) <= (@ (Sab) Ws (A) Tats (GL) 
ID) a Sal) ae BS (2) Io (ab) 
P44) C7) IE tes) {6.11))) Wes t3e (Cap) 
P(A) GCS) ie tals) {Gl} Le 4 (3) 
Nonbonded Contacts 
P(Al) - P(A2) 2.018 (9) 
P(Bl) - P(B2) S35, OSS (GO) 
P(A3) - P(A4) 35022 (10) 
P(B3) - P(B4) Si5 OSG (210) 
CAL OA2)) = seh GAAS) PD = SYS) 
C1(B2) - H(B42) De fsy8) 
O(Al) - H(A22) D8) 
C830 — (22) Dow BS} 
(AVG) — (a3) Po Mail 
H(A86) - H(A4) Fhe SO) 
H(A13) - H(B25)4 229 
H(A65) - H(B45)b 2205 
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Table 40. Selected Angles (deg) in [RhC1, (CO) (CS,) (DPM) 2] 


Bond Angles 


Dimer A Dimer B 
Rat(2)=—Rh (2) =—S @) 1637.02) 164.4 (2) 
Rh (2)-Rh (1)-C2 (1) TOS eZ.) Oy G2) 
Rh (2) =Rh (2) =C.(5) 74.7(8) W6% 347) 
Rh (2)-Rh (1)-P (1) 88.9 (2) 95.3(2) 
Rh (2) -Rh (1) -P (3) 93.5(2) 92.3(2) 
Rh (1)=Rh (2) =c? (2) PI2e90(2) 165.5(2) 
Rh (1)-Rh (2)-S (4) 2h. Gia) Tie Si(2,) 
Rh (1)—Rh (2)—C (1) 91.9(8) 100.4 (8) 
Rh (1)-Rh (2)-P (2) 94.2(2) 9a). 2.(2) 
Rh (1)—-Rh (2) -P (4) 93). 2:(2) 94.7 (2) 
C2 (1)=Rh (1) —S (1) 92.9(2) 102.8. (2) 
C2£(1)-Rh (1)-cC (5) Dia CS)) 166.9 (7) 
Cg (1)—-Rh (1)-P (1) 69.0 (2) 86.6 (2) 
C£(1)-—Rh (1)-P (3) 83.0 (2) 93,02) 
C2&(2)-Rh (2)-S (4) VO 22) 94.0(2) 
C2 (2)=Rh (2)—-C (1) 94.4(8) 94.1(8) 
Cuan =r 86.042) 89). 2(3) 
Cl(zZ) Rn (2) =P (4) 86.1(3) 86.5 (3) 
SUMEeRnh Hc (Ss) 88.3(8) 88.3 (7) 
S(1)-Rh (1)-P (1) 92.502) 86.5 (3) 
S (1)-Rh (1)-P (3) 87.4 (2) 86.3(2) 
S(4)-Ra(2)-C@Q) 164.3(8) 171.8(8) 
S (4)=Rh (2) -P (@) 82.4 (2) 94.4(2) 
S (4)-Rh (2)-P (4) 96.3 (2) 930 (2) 
CxXS)=Rh (1 )—P (1) 91.2(8) Be) 
C (5)-Rh (1)-P (3) 94.8(8) 9228.(7) 
C (1) —Rh (2) -P (2) 96.4(8) 87.2(8) 
C(1) Bh (2)—P (4) 86.4 (8) 86.0 (8) 
P(ly=Rh @)—Pt) sno (2) IQ (3) 
P(2)—Rh (2) -2 (4) 19388 (2) ie 73) 
Rh (1)-S(1)-C (4) 105.1(9) 104.5(9) 
S(1)-G@)-s (2) 1277 a2) P22) Cs) 
Sipe (4) 25 3) Ls a (as) 1G C2) 
Si2)—€(4)=s (3) Sree (aa) 122 ett) 
C4 y= S83 yes) 02 eel) 104 7G) 
Rh (LjHCts)=S(3) L245 od) 124, 90) 
Rh (1) —-C(5)=S (4) 120° (i) Nie Gl) 
S(s)-C(s)=8%4) lis 9) oa) 
Rh (2)=S (4)-C(S) Sicdis) 95.1(8) 


Rh (2)=C (1)-0 (1) 169 59-3) 165, 83) 
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Table 40, continued 


Rh (1) -P (1)-C (2) 
Rh (2) =-B (2) -€ (2) 
Rh (1)-P (3) -c (3) 
Rh (2) -P (4) -C (3) 
Rh (1)-P (1)-C (11) 
Rh (1)=P (1) =C (22) 
Rh (2) -P (2) -C (31) 
Rh (2) -P (2)-C (41) 
Ro (LSP (3) -e(5) 
Rh (1)-P(3)-C (61) 
Rh (2) -P (4)-C (71) 
Rh (2) -P (4)-C (81) 
P(1)-C (2)-P (2) 

P(3)-cC (3)-P (4) 

C(2)-P(1)-C (11) 
CZ) C02) 
C(2)-P (2)-c (31) 
C(2)-P(2)-c (41) 
Gis) = (S)-Cc(OD) 

C(3)=P (3) -—C (61) 

C(3)—-P(4)-¢C(71) 
C (3) -P(4)-€(81) 
Gt y=P (1) =c 1) 
C(SL)=2 (2)=—CC4 1) 
C(51)-P(3)-C (61) 
C(71)-P(4)-c (81) 


Bond Angles 


Dimer A 


114.4 (8) 
2332 (8) 
LOS. Ss (8) 
114.7(8) 
15's 3: (6) 
126.1(6) 
Tin 16) 
TPG 2E CS) 
113.57) 
T2857 (¥) 
TD. DUG) 
TUG) 
ORG) 
LTO ey) 
1025 C2) 
oO (3) 
10556 (9) 
102) 
Om eats) 
104 (1) 
T0029 (9) 
2OGr (a) 
Oa Ce) 
JOR Ce) 
94 1) 
LOOn (3) 


Torsion Angles 


P(1)-Rh(1)-Rh(2)-P (2) 
P(3)-Rh (1)-Rh(2)-P (4) 
Cli) —Rh (1) =P (1) —-e ay) 
C£ (1)-Rh (1) -P(1)-C (21) 
Cc’ (1)=Rh (1)-P(3)-C (51) 
C&(1)-Rh (1)-P (3)-C (61) 
C&(2)-Rh (2)-P(2)-C (31) 
C& (2)-Rh (2)-P(2)-C (41) 
Ck (2)=Rh (2)-P(4)-C (71) 
C& (2) -Rh (2) -P (4) -C (81) 
S(1)-Rh (1)-P(1)-c (11) 
S(1)-Rh (1)-P(1)-C (21) 
S(1)-Rh (1)-P(3)-C (51) 


Dimer A 


a0 (2) 
8.4(2) 
93 38.(7 ) 
25745 (8) 
45.6 (8) 
LG Ze els) 
Pills Sy) 
Bord) 
Se. Say) 
665.0(7 ) 
Send) 
TESA 7) 
AFG 8) 


Dimer B 


LEO et) 
Los a2) 
e409.) 
LUO = CS) 
CI eT) 
L667 (6) 
12039 (9) 
DiC ECT) 
DEG) 
LEZ. 86) 
2207230) (6) 
216.6 (3c) 
222, C1) 
TES, eG) 
100 (1) 
LUO TI) 
LOZ CL) 
99) 
997 (1) 
TOS Bil) 
LOS) (2) 
99 ae) 
101.4 (8) 
Smeal) 
102.4 (8) 
ZO 2a») 
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Table 40, continued 


S(1)-Rh (1)-P (3)-C (61) 
S(4)-Rh (2)-P(2)-C (31) 
S (4)-Rh (2) -P (2)-C (41) 
S(4)-Rh (2)-P (4)-C (71) 
S (4)-Rh (2) -P(4)-cC (81) 
C(5)-Rh (1)-P(1)-c (11) 
C(S)-Ra (i) -P(1)-C @i) 
C(5)-Rh (1)-P(3)-c (51) 
C (5)—-Rh (1) -P (3)-cC (61) 
CER (2) =P(2)—C (31) 
C (1)—Rh (2)-C (41) 

C(1)-Rh (2)-P (4) -c (71) 
C (1)-Rh (2) -P(4)-C (81) 


Torsion Angles 


Dimer A 
657m (1) 
171. 6.6) 
S25 0D) 
ISA 5 3 (C7) 
BARON (G7)) 
82 (1) 
APS See la) 
136 (1) 
ROARS le) 
2 Amer (ele) 
143 (1) 
43 (aL) 
Gp (1) 


Dimer B 
Silo HH) 
39.6(8) 

SS (ily) 
Si 88) 

IG (Cah) 

142.9(9) 
22 (1) 

149.4(9) 
S00 (2) 

148° (1) 
30) (ab)) 

WG (Cab) 
BZ (1) 
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bagure 22. Stereoviews for Molecules A and B of [Rh,C1,- 


(CO) (C5S,) (DPM) ,] . 
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Pagure 24." “Une Equatorial Planes of (Dimers A and 8 of [RhoC1,- 


(CO) (C,S,) (DPM) .]. 
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DISCUSSION 


Deschiper1on Cb Structure 

The complex, [RhjC1, (CO) (C,S,) (DPM) 5] (3), crystallizes 
with two independent molecules per aSyVMMetrLe Unit. “Beth 
dimers have the same overall geometry, with the Rh centres 
bridged by two transoid DPM ligands, but differ SilohtelLy 2m 
the orientations of the ligands (vide anita). Within each 
dimer the Rh atoms display distorted octahedral coordina- 
tions. One rhodium atom of each dimer (RECA) Rh Cert has 
two mutually trans P atoms in the axial sites with the 
equatorial positions occupied by a sulfur and a carbon atom 
of the C55, fragment, a chloro ligand and the other Rh atom. 
The second Rh atom (Rh(A2),Rh(B2)) also has mutually trans 
axbal6P watoms, with a sulitur atom orf the C58, moiety, a 
chloro ligand, a carbonyl ligand and the other Rh atom 
OCCUpying 1ts equatorial sites. 

The Rh-Rh distances of 2.810(3)A and 2.809(3)A, for 
dimers A and B, respectively, compare well with each other 
and are consistent with a normal Rh-Rh single bond, falling 
within the range previously reported for such distances 
Chol tee e 215 
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cates that in both dimers the Carbonyl ligands bend in such 
a way as to minimize the contacts with the phenyl rings sug- 
gesting that the bending of these ligands is Steric in origin. 
The rhodium-chlorine distances (Rh (A1l)-C1(Al) = 
Aa Vag Vainigcal yaonyesi | a rey cue) Suategty eae eats a 
C(A5) and C(B5), respectively, are quite long but compare 
well with other determinations, where the chloro iigand is 
Liens) COma,) O-bound alkyl sGroup om carbene ligand. 163-165 
OnF the orner hend, ,they Rh (2)-—Cl (2) bond) distances. 2507 
(8)A and 25298) K for molecules A and B, respectively), 
which are opposite the rhodium atoms, Ri(AL) “and Ra(Bl) > are 
Significantly longer than those typically observed in these 


OO L256 
systems; 


in fact they are even longer than those 
observed when a chloro ligand is opposite a ligand of high 
Esanis ineiuence: Such ac. a carbene. These long rhodium- 
chioro distances probably arise aS a result Gf steric 
crowding about the Rh(2) centre. Support for this comés 
from the short nonbonded phenyl hydrogen-chloro contacts 
observed for these two chloro ligands (C1(A2)=—H(A46) = 
220. ne Gea) =n (e42 eS Ale Further p> these interactions 
ave such that they tend to force these chloro ligands away 
from the metal centres (seé Figures 22 and 23). 

The C55, fragnene, COntelisSlitwo aitact CS, molecules 
Coy) Si) and, 63) C(S)'s (4) Mrused eric (4) =S\(s) ee nis 


fragment is then bound to one rhodium atom (Rh(1)) via 


5 (1) Mand (G5) sand “to "the Other whodiumsatom through S44). 
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Within the resulting RhoC5S, metallocycles the C-S distances 
C6302 WaT o (2 pa} and angles (see Table 40) compare favour- 
ably with those reported for [Rh (n?-C,H,) (C,8,) (PMe,)] , 26? 
where an analogous C58, fragment was observed. These dis- 
tances suggest delocalization over the carbon-sulfur frame- 
work and range from values comparable to the C-S double 
bond distance observed in ethylene thiourea (ey a) — ZO 
Single bond values (Mean) Ae2 sarees 0 and Rh(2)-S(4) 
distances (average 2.354 (7)A and Oe so0 fh) ay respectively), 
although significantly different compare favourably with 
other determinations. 1©3/164,167,168 

The CoS, ligand can be considered as a carbene ligand, 
Cys, with each of the coordinated sulfur atoms functioning 
as a two electron donor to the Eodiamn atoms, leaving the 
carbene carbon atom as a two electron donor. Therefore the 
rhodium atoms are formally Rh(II). The unusually short Rh(1)-c (5) 
distances (1.89(2) and 1.95(2), for dimers A and B respect- 
ively) are comparable to the rhodium carbonyl distances 
indicating significant multiple bond character. These 
rhodium-carbene distances are comparable to other such dis- 
tances and are especially close to those observed in [RhCl- 


163 164 


(PPh (PhCONCS) .] and [RhC1(PPh3) , (EtOCONCS) 3]. iG 


3)2 
these complexes five membered metallocycle rings again re- 
sulted as a consequence of condensation of Ssulfur—containing 
molecules on rhodium. 


Within the DPM framework the parameters are, on the 


whole, not unusual and compare well with other determin- 
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The P-C-C angles, for example, 
(mange 125 (2) tol 1l5(2)°) do not deviate Signiticanctly .crom 
thesexpecled value. or 120° and compare favourably with other 
Similar compounds. However it is Significant that the methy- 
lene orientations in the two dimers are different. In dimer 
A a trans methylene arrangement is observed whereas these 
groups are cis in dimer B. Based on previous work it was 
anticipated that the methylene groups of the DPM ligands 
would fold in a cis manner towards the C,S, Fragment. (ve. 
towards the site Of the bulkier ligand). in Bice B, where 
the expected cis methylene arrangement is observed the phenyl 
rings avoid unusually short contacts with the CS, fragment 
end yas Vo tesule this fragments quite plenar. | Here, phenyl 
Eings 2 and G are parallel to the C58, moiety, instead of 
perpendicular to it as is typically observed for the endo 
phenyl groups of cis oriented methylene groups. This phenyl 
Fring Orentation minimizes, interactions with the CoS, moiety 
but tends to force the two other endo phenyl rings 3 and 7 
away from their normal orientation (see Chapter VI, for 
example). However, in dimer A the trans methylene arrange- 
Ment stheuscus cing 6 close to: the CoS, fragment resulting in 
a Significant puckering of this fragment (see Figure 22 and 
Table 38). Therefore, despite comparable bond angle and 
distance within the RhyC5S, metallocycles, Significant, dif— 


ferences in their overall geometries are present as a result 


Of these phenyl ring interactions: 
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The differences noted above between the pheny] sring 
OMientations einwcimers Asand es also lesdsto differences in 
the vequatorial chloro ana carbonyl ligands (see Figure 24) 
with these ligands tending to stagger themselves with re- 
Spect to the phenyl rings (see Torsion Angles, Table 40) 
to again minimize nonbonded contacts. This staggerlng. Of 
the phenyl rings with respect to the equatorial Iiqgands is 
further assisted in dimer A by a skewing of the Rh-P 
framework. Without this skewing of the Rh-P framework the 
phenyl rings of P(A2) would be essentially eclipsed with 
the chiore and carbonyl ligands of Rh(A2). Whereas, in 
dimer B because of the cis methylene orientation and the 
Subsequent phenyl group orientations no skewing is necessary 
to maintain normal nonbonded contacts. Therefore, most 
differences observed between the-two dimers are a direct 


result of the differing methylene orientations. 


Reaction of trans~ [RhC1 (CO) (DPM) ].,_and [Rh,Cl. (u-CO) - 


2 


(DPM) .] with CS5_ 


The reaction of either PEF RCT (co) (DRM) i) (or 
[Rn5C1, (u-CO) (DPM) 4] with CS, Lesules in the tsolation of 


Lieowmninal OLoaquet, [Rh 5C1, (CO) (C5S,) (DPM) 5] (2)5. Se based on 


analogies with the previous studies involving aie 


42 
(Chapters 1VY and Vv) and acetylene molecules we can pos- 


tulate a scheme for the reaction of 1 Ween aos Ubsqistaeces ral 


2° 


attack is probably terminal, since this is the only site 


Gpem, “see Chapter 1il)is= The resulting species [Rh C1 (CO) - 


(CS) (i-C1) (u-CO) (DPM) 5] (4), (see Figure 25) although not 
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observed is analogous to that proposed for SO, (Chapter 


2 
IV). This species we believe then rearranges to [Rh (CO) .- 
(u-C1) (u-CS,) (DPM) ,] [C1] (5), which is a 1:1 electrolyte in 
acetone and dichloromethane, and has a Very similar intrared 
Spectrum) (CO) =1990 oe the CS, region is obscured by 
Dands due to the ppm ligands) and similar 315 ¢1453 wer 


x 


Spectral parameters (§ =14.3 ppm; = 9B 


pe a ee 

Haye to the well characterized SO, analogue?°® (Chapter 
LV) ) Chloride Eecoordination, Joss sof one carbonyl ligand 
and ea facile rearrangement would then yield [Rh,C1, (u-Co) - 
(u-CS,) (DPM) 5] (6), which although not observed is exactly 
analogous to an acetylene complex, #2 which has been pre- 
pared in our laboratory by the same route and SELuc tuisal ly, 
Characterized. Electrophilic attack at S{(3) of the bound 
CS. molecule (see Figure 24) by a second CS. molecule would 
then readily yield the final product 3. 

Since the monocarbonyl species 2 is soluble, its reac- 
tion during the stepwise addition of CS. Was) Garerully 


t Gl lag et ue spec- 


: 3 
monitored by infrared, Pt a) and 
13 nS 

EKOSCOpy. For the C NMR experiment €O" enriched 

is Le Syl 
[Rh5C1, (u- CO) (DPM) 5] was used. initially ain tthe P{~ H} 
NMR spectrum resonances assignable to unreacted 2 and two 
other symmetric species are observed. One resonance can be 
assigned to compound 5 which was previously characterized 
and the other 1s believed to be due EO [RhoCl, (u-CS,) (DPM) 5] 


‘oes oy ee A x : , 
(7) io) SEM; > | JUpn-p = eee lens Hz) (vide supra). 
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These observations are consistent with SPpeCLese>) andi 7, 
shown in Figure 25, Fesuleing £rom CS. actrack on @2 Jand Co 


transfer. Analogous species have been observed in the 


reaction Om 2 with SO, (Chapter V). In these SO. studies 


2 


we observed that these Rh dimers act as efficient CO scaven- 
gers. Therefore when 5 loses co Vieloding 6, “compound 7 
picks up CO also giving 6, which Subsequently yields the 


Pinal product 3 by Condensation vot the second CS, molecule 


Z 


(vide supra). Complex 3 shows a complex multiplet 
(6=7.5 ppm) pattern in the 315453 nr Spectrum, arising 
from its AA'BB'xy Spin system. No resonance assignable to 


6 waS observed. 


Since in compounds 5 and / the four phosphorus atoms 


are equivalent at -50°C, it is suggested that the CS. ligand 


in species 5, 6 and 7 is coordinated SsoOlelys throughs tie 


carbon atom, as has been proposed for CO. in some of its 


compounds. >? A C-S bound species would give rise to a more 


complex oie Owing to the resulting chemical inequival- 


ence of the phosphorus atoms unless the CS. molecule were 


2 


fluctional at this temperature. No evidence Suggesting 


fluctionality of these species was observed. 


The 130 NMR spectra of the same reaction initially 


SHOWS sene TesoOnance assignable to 2, aswell as ome addition= 


. = 20. HZ), 


a 2 TOC i oe N = 8G 5 S) f ( i = 
al species at 6=186.5 ppm (doublet, ae! 


characteristic of a terminal carbonyl ligand and consistent 


with species 5. The only other carbonyl resonance observed 
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later in the experiment is assignable to species 3 at 
6=191.5 ppm (doublet, RS eee = 69.1 Hz). Similarly the 
infrared spectrum shows Only bands assignable to Ap By wave 

a band at 1990 cm + which is again consistent with Species 
5. THeve Ore, na ll ebie Spectral parameters and the analogies 
to the soy and acetylene“ chemistry appear to support 


this scheme. 


CONCLUSIONS 


THisestudy presents Only the second structural charac- 


terization? ©? of a rhodium-carbon disulfide complex and is 


Pie first Such binuclear species. Baced om ite infrared 

Spectrum, which is similar to other Rh-CS., complexes, which 
are belaeved to contain eSaar side-on bound CS5, Cnwse work 
Suggests that these compounds should probably be reformula- 


ted as C.S, Species. Certainly it is becoming apparent that 


rhodium has a marked tendency for activating and condensing 


sulfur containing molecules as has now been demonstrated by 


several structural determinations. 1°27164 Une (Simi vara tvec 


ieee mode Of CS. Condensation to that of co, in an iridium 


complex, [Ircl(C0,) (PPh ee Supports the argument that 


ee 
CS, is va Usetul model for studying co. binding: in metal 


complexes and suggests the possibility of analogous CO, 
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CHAPTER VILLI. 


Summary and Conclusions 


One reason for undertaking the present study was to 
obtain a better understanding of the coordination and acti- 
Vatcion of CO, CS, and SO, utilizing binuclear diphosphine 
and diarsine bridged complexes. Additionally, the effect 
of metal proximity on the chemistries of these small mole- 
cules was of interest, as well as the potential relevance 
of such studies to homogeneous Catalysis. Although, not 
all these goals were met, this study was successful in ex- 
tending our understanding of the chemistry of this class of 
binuclear complexes. 

With regard to the effect of metal proximity on the 
chemistry of these dirhodium species, one obvious difference, 
compared to the analogous mononuclear species, is the possi- 
bility of bridging coordination modes for these small mole- 
cules. This possibility was realized in almost every study, 
anc tim sact, “che “smal! rae ee of interest show a remark- 
able tendency to finally reside in the bridging site. It 
is believed that this site is favoured for these Lewis 
acids since here they are able to accept electron density 
from both low valent metals. Another related consequence 
of the metal proximity is the facile ligand rearrangements 
which occur in these dirhodium complexes. In almost all 
cases these eerie here are preceded by halide ‘disso- 


ciation and result in a symmetrical arrangement of the 
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ligands with the better m-acceptor ligand coordinated in the 
bridging site. The few exceptions, where a symmetric species 
does not result, are believed to favour their observed geo- 
metries as a consequence of the high steric bulk of the lig- 
ands involved, as for example in [Rhj1 (CO) (u-CO) (DPM) 5] [1] 

(1) where the large iodo ligands are not both readily coor- 
dinated in the same compound. 

The site of attack by small molecules in these species 
is not altogether straight forward. In trans-[RhC1(CO)- 
(DPM) ] , (2), there is probably only one site of attack 
at the open f1fth. coordination site on one of the metal 
centres Opposite the second metal atom. However, in the 
“A-frame” type species attack can be either at the bridging 


Site or at the terminal site, remote from the bridging 
+ 

2] 

that SO. attacks the bridging 


Site. 7’ oin [Rh. (CO) . (u-C1) (DPM) (3), we (Chapter IV) and 


others have sh ee 


Site, whereas CO attacks terminally. In the distorted "A- 
> (u-CO) = 
(DPM) 5] (5) we have observed that the bridging site is 


frame" species [Rh Cl. (u-SO,) (DPM) 5] (4) and [Rh,Br 


blocked in the solid state by four phenyl groups. Consistent 
with this, much of our chemistry indicates terminal attack. 
However, this is certainly not unambiguous and recent work 
with acetylenes seems to indicate that direct attack and 
insertion of the acetylenes into the Rh-Rh bond occurs. 19 
The above SO, (4) and monocarbonyl (5) complexes are signif- 


icantly different from the dicarbonyl "A-frame" species 3 


however in that they have a metal-metal bond, which may serve 
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as a site Of attack: for the Lewis acids. ‘The Teac tin vi sor 
the metal-metal bond in these systems is shown by the facile 


reaction. of [Rh5Cl, (u-CO) (DPM) .] (6) “Wien cs whereas the 


2" 
dicarbonyl "A-frame" species 3 shows no reaction. Corrobor- 
ating this finding, other work in our group has shown that 
the metal-metal bond species ily 2) ein 6 react instantly with 
acetylenes, whereas species such as 3, i whiten no me tal 
bond 1s present, do not fences 
OiMer aspects of the study LeGarding the activation of 
the small molecules and the relevance of these studies to 
catalysis are still in their infancy. In the carbonyl and 
sulfur dioxide complexes, these small molecules were cer- 
tainly activated in the molecular orbital and SPECEEOSCOpLC 
sense (i.e. we noted a large drop an bond order due ‘te a 
redistribution of electron density in these molecules). 
However these small molecules were not activated in a cata- 
lytic sense, at least not in the very limited context in 
which we observed them. The two species which had, spectro- 
SCOptcaly the largest activation of CO and SO. were 6 and 
pecespectavely . in the firse species the carbonyl ligand 
behaved quite normally and attempts to oxidize the coordin- 
ated SO. ligand to sos” under mildly forcing conditions were 
UNSUSCeSSsit ul. Vln Comerase the CS. Nolecule Gs readily 
activated and undergoes a subseguent condensation reaction 
yielding the CoS, mOoLety. in this area of activation fur— 
ther work is underway in our group. One notable success in 


this regard, concerns the reaction of 6 with acetylenes 
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yielding complexes of the type [Rh Cl, (u-CO) (u-acetylene) - 
(DPM) .] (ne in which the acetylene molecule is activated, 
as seen by its structural parameters which resemble those 
of a cis dimetallated olefin molecule. Furthermore, as a 
result of the reaction of 6 with acetylenes a catalytic 


te and preliminary re- 


study using complex 6 was initiated 
sults show that this complex catalyzes the cyclotrimeriz— 
ation of dimethylacetylenedicarboxylate, whereas with 


phenylacetylene, catalytic hydrogenation is observed. 
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Appendix 23) Structure Factor Amplitudes for 
[Rh (CO) 2 (u-Cl1) (DPM) 5] [BF4], trans—[RhCl1(CO)- 
(DPM) ]2, [Rh2Cl5 (u-SO2) (DPM) 5], [RhoBr2 (u-CO) - 
(DPM) 2] and [Rh2C1 (CO) (C284) (DPM) 5]. 
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